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State  of  New  York. 


No.  59. 


IN  ASSBMBLY, 

Janttart  13,  1902. 

Twentieth  Annual  Report 

OF  THB 

Board  of  Control  of  the  New  York  Agricultural 
Experiment  Station. 


STATE  OP  NEW  YORK: 

Dbpartmbnt  of  Agrigulturis, 

Albany,  January  13,  1902. 

To  the  Assembly  of  the  State  of  Neio  York: 

I  have  the  honor  to  herewith  submit  the  Twentieth  Annual 
Report  of  the  Director  and  Board  of  Managers  of  the  New  York 
Agricultural  Experiment  Station  at  Geneva,  N,  Y.,  in  pursuance 
of  the  provisions  of  the  Agricultural  Law. 
I  am,  respectfully  yours, 

CHARLES  A.  WIETING, 

Commissumer  of  AgriouUure* 
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OFFICERS  OF  THE  BOARD. 

Stephen  H.  Hammond,  William  O'Hanlon, 

President.  Secrelary  and  DreMurer, 

EXEOUTiyE  committee. 

Stephen  H.  Hammond,  Frkdrrick  C.  Bchraub, 

Martin  L.  Allen,  Lyman  P.  ELa^viland, 

Frank  O.  Chamberlain,  Nicholas  Hallock. 

vSTATION  STAFF. 

Whitman  H.  Jordan,  So.  D.,  Direefar, 

GsoROi  W.  Churchill,  Lore  A.  Rogers,  B.S, 

AgrieulturUt  and  Superin-  Assistant  Baeteriologist. 

tendent  of  Labor.  Qeoroe  A.  Smith, 
WiLUAM  P.  Wheeler,  Dairy  Expert. 

First  Assistant  (Animal  Frank  H.  Hall,  B.8., 

Industry).  Editor  and  Librarian. 

Fred  C.  Stewart,  M.  8.,  Victor  H.  Lowe,  M.S.. 

Botanist.  tF.  Atwood  Sirrine,  M.S., 
HAkRY  J.  Eustace,  B.  S.,  EntomolofjistH. 

Student  Assistant  in  Botany.  Pbrcital  J.  Parrott,  A.M., 
Lucius  L.  YanSlykb,  Ph.D.,  Assistant  Entomologist, 

Chemist.  Spencer  A.  Beach,  M.S., 
CHRlffTlAlf  Q.  Jentbr,  PH.C.y  HorticuUurisL 

*  WiLLLUf  H.  Andrews,  B.S.,  Nathaniel  O.  Booth,  B.Aor., 
T  J.  Arthur  LeClbro,  B.S.,  Assistant  Horticulturist. 

Frederick  D.  Fuller,  B.S.,  Orrin  M.  Taylor, 
Edwin  B.  Hart,  B.S.,  Foreman  in  Horticulture 

'Charles  W.  Mudge,  B.S.,  Frank  E.  Newton, 

Andrew  J.  Patten,  B.S.,  Jennie  Terwilliger, 

Assistant  Chemists.  Clerks  and  Stenographers. 

Harry  A.  Harding,  M.S.,  Adin  H.  Hobton, 

Dairy  Bacteriologist.  Computer. 

Address  all  oorrespoDdence,  DOt  to  iudividaal  members  of  tbe  staff,  but 
to  the  New  Yobk  Agricultural  Experiment  Station,  Geneva,  N.  T. 

The  Bulletins  published  by  the  Station  will  be  sent  free  to  any  furmer 
applying  for  them. 

'Conneeted  with  Fertilizer  Control. 

\  At  Second  Judicial  Departmei^t  Branch  Station,  Jamaica,  N.  T. 

%  Absent  on  )e»y^. 
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TWENTIETH  ANNUAL  REPORT 


OF  THX 


Board  of  Control  of  the  New  York  Agricultural 
Experiment  Station. 


TREASURER'S  REPORT. 


Geneva,  N.  Y.,  October  1, 1901. 

To  the  Board  of  Control  of  the  New  York  Agricultural  Experiment 
Station: 

Ab  Treasurer  of  the  Board  of  Control,  I  respectfully  submit 
the  following  report  for  the  fiscal  year  ending  September  30, 
1901: 

OamBRAL  ExPBNSB,  Appropriation  1900-1901. 

Receipts. 
1900. 

Oct.        1.  To  balance  on  hand |2,742  26 

To  amount   received   from 

Comptroller f  18,750  00 

Less    balance    due    appro- 
priation 1899-1000 3,750  00 

15,000  00 

fl7,742  26 
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2  RkpORT   op    tub   TllEASUEER   OF    THEB 

1900.  Expenditures. 

Oct.        1.  By  building  and  repairs |780  57 

By  chemical  Bupplios 230  34 

By  contingent  expenses 804  45 

By  feeding  stuffs 1,817  86 

By  fertilizers 84  29 

By  freight  and  express 478  65 

By  furniture  and  fixtures 1,094  63 

By  heat,  light  and  water 2,033  45 

By  library  668  50 

By  live  stock 8  75 

By  postage  and  stationery 884  91 

By  publications 1,054  90 

By  scientific  apparatus 151  50 

By  seeds,  plants  and  sundry  supplies. ..  1,673  15 

By  tools,  implements  and  machinery...  406  13 

By  traveling  expenses 958  61 

114,030  69 

By  balance,  October  1,  1901 3,711  57 


f  17,742  26 

Salaries,  Appropriation  1900-190L 

ReoeiptB. 
1900. 

Oct.        1.  To  balance |5,648  66 

To  amount   received   from 

Comptroller f 28,750  00 

Less    balance    due    appro- 
priation 1899-1900 6,750  00 

23,000  00 


$28,048  66 
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EwpendUures. 
1901. 

Oct.       1.  By  salaries |21,860  07 

By  balance 6,788  59 

f28,648  66 

Labor. 

Receipts. 
1900. 

Oct       1.  To  balance 12,975  71 

To  amount  received  from 

Comptroller |15,000  00 

Less    balance    doe   appro- 
priation 1899-1900 3,000  00 

12,000  00 

114,975  71 

Expenditures. 
1901. 

Oct.       1.  By  labor |11,728  90 

By  balance 3,24G  81 

114,975  71 


EXPENSB  OP  BULLBHTINS  AND  ENFORCING  PROVISIONS  OP  CHAPTER 

955,  Laws  op  1896.— Appropriation  1898-18Q9. 

Receipts. 
1900. 

Oct.       1.  To  balance  on  hand |6  20 

Expenditures, 
By  postage  and  stationery |6  20 
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commbecial  fertilizers,  appropriation  1900-1901. 

1900.  Receipts. 

Oct.        1.  To  balance f 549  48 

To  amount   received  from 

Comptroller |12,000  00 

Less    balance    due    appro- 
priation 1899-1900 2,000  00 

10,000  00 

f  10,549  48 

Edfpmditures. 

Oct.        1.  By  chemical  supplies J507  23 

By  contingent  expenses 4  07 

By  freight  and  express 48  40 

By  heat,  light  and  water 530  95 

B|y  postage  and  stationery 4  48 

By  publications 1,337  52 

By  salaries 4,992  36 

By  seeds,  plants  and  sundry  supplies. . .  138  01 

By  tools,  implements  and  machinery. ...  90 

By  traveling  expenses 778  40 

18,342  32 
By  balance 2,207  16 

110,549  48 

CONCBNTRATBD   FeBDING   StUFFS  INSPECTION,  APPROPRIATION 

1900-1901. 

1900.  Receipts. 

Oct.        1.  To  balance  on  hand |329  44 

To  amount   received  from 

Comptroller f3,000  00 

Less    balance    due    appro- 
priation 1899-1900 500  00 

2,^00  00 

?2,829  44 
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IQQQ^  Expenditures. 

Oct-        1.  By  contingent  expenses |1  38 

By  freight  and  express 10  20 

By  postage  and  stationery 123  70 

By  publications 664  76 

By  salaries 1,427  58 

By  seeds,  plants  and  sundry  supplies.  .•  12  71 

By  traveling  expenses 318  89 

^2,559  22 
Balance  October  1,  1901 270  22 


f  2,829  44 


Sboond  Judicial  Department,  Appropriation  1900-1901. 

Receipts- 
1900-1901. 

To  amount  received  from  Comptroller..       |8,355  10 


Expenditures. 

By  chemical  supplies J71  80 

By  contingent  expenses 238  50 

By  fertilizers 12  70 

By  freight  and  express 28  78 

By  furniture  and  fixtures 18  42 

By  heat,  light  and  water 73  27 

By  labor 702  96 

By  library 52  10 

By  postage  and  stationery 37  87 

By  publications 1,782  47 

By  salaries 3,753  96 

By  scientific  apparatus 85 

By  seeds,  plants  and  sundry  supplies . .  •  214  50 

By  tools,  implements  and  machinery. . . .  165  38 

By  traveling  expenses 735  63 

By   rents 465  91 

f8,355  10 
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Paris  Grbbn  Law,  Appropriation  1898-1899. 

Receipts. 
1900-1901. 

To  amount  received  from  Comptroller. .  f250  80 

Expenditures. 
By  publications J250  80 

Spbcal  Appropriation,  Building  and  Ebpairs,  Appropriation 

1898-1899. 

Receipts. 
1900-1901. 

To  amount  received  from  Comptroller..  fll7  69 

Expenditures. 
By  building  and  repairs f  117  69 

Fertilizer  License,  Chapter  955,  Laws  1896,  Amhn-dhd  by 
Chapter  687,  Laws  1899. 

Receipts. 
1900-1901. 

To  amount  received  for  fertilizer  license.     |10,880  00 

Expenditures. 
By  amount  remitted  to  Treasurer  State 
of  New  York $10,880  00 

Feeding  Stuffs  License,  Chapter  338,  Laws  1893,  Amended  by 
Chaitbr  510,  Laws  1899. 

Receipts. 
1900-1901. 

To  amount  received  for  feeding  stuffs 

license 13,150  00 

Expenditures. 
By  amount  remitted  to  Treasurer  State 

of  New  York |3^150  oo 
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Special  Appropriation  1900-1901,  Director's  HousBk 

Beeeipts. 
1900-1901. 

To  amount  received  from  Comptroller. .       f 6,981  76 


Expenditures. 
By  construction  Director's  house J6,981  76 


The  United  States  Appropriation,  1900-1901. 

Dr. 

To  receipts  from  the  Treasurer  of  the 
United  States  as  per  appropriation  for 
fiscal  year  ending  June  30, 1901,  as  per 
act  of  Congress  approved  March  2, 
1887 fl,500  00 


Gr. 

By  publications |803  15 

By  postage  and  stationery 50 

By  heat,  light,  water  and  power 21  89 

By  chemical  supplies 33  50 

By  seeds,  plants  and  sundry  supplies. ..  147  17 

By  feeding  stuffs 82  09 

By  library 62  09 

By  furniture  and  fixtures 75  00 

By  scientific  apparatus 69  44 

By  traveling  expenses 126  04 

By  contingent  expenses 79  13 

|1,500  00 


All  expenditures  are  supported  by  vouchers  approved  by  tlu? 
Auditing  Committee  of  the  Board  of  Control  and  have  been 
furnished  the  Comptroller  of  the  State  of  New  York. 

William  O'IIaxlon, 

Treasurer, 
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DIRECTOR'S  REPORT  FOR  1901  .♦ 


To  the  Honorahle  Board  of  Conirol  of  fhe  New  Torh  Agricultural 
Experiment  t^tation: 

Oontloraen. — I  have  the  honor  to  present  herewith  a  report 
for  the  year  1901  of  the  institution  under  your  charge.  As  in 
former  years,  this  report,  outside  of  the  matter  dealing  with  the 
various  lines  of  inspection,  is  made  up  chiefly  of  the  results  of 
investigations  and  experiments  of  a  scientific  or  semi-scientific 
rliaracter.  In  other  words,  it  is  mainly  a  presentation  of  the 
outcome  of  efforts  to  study  problems  or  conditions  important 
to  the  practice  of  agriculture  and  is  not  intended,  for  the  most 
part,  to  convey  information  of  a  common  or  general  character. 
This  is  in  accordance  with  the  well  established  policy  of  holding 
the  Station  to  the  work  of  investigation  rather  than  of  instruc- 
tion, a  policy  entirely  harmonious  with  fundamental  con- 
ceptions and  the  legal  provisions  applying  to  this  institution. 

The  contents  of  this  report  make  it  very  evident  also  that, 
excepting  the  inspection  work,  the  members  of  the  Station  staff 
are  dealing  largely  with  problems  particularly  affecting  the 
flairy  and  horticultural  interests,  a  condition  of  things  quite 
eonsistent  with  the  status  and  demands  of  the  agricultural 
industries  of  New  York.  Dairying  is  predominant  in  the  stotk 
husbandry  of  the  State  and  the  commanding  importance  of  our 
pirdening  and  fruit  interests  cannot  be  denied  by  any  one 
familiar  with  the  facts.  Moreover,  in  dairying  and  fruit  grow- 
ing there  come  to  the  front  certain  questions  of  a  chemical, 
botanical,  bacteriological  or  entomological  character,  so  specific 
and  so  well  defin(*d,  that  they  offer  promising  and  useful  oppor- 


•A  reprint  of  BuHetln  No.  211. 
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10  Director's  Rki»ort  of  the 

tunities  for  research.  In  addition  to  the  above  considerations, 
the  dairymen  and  fruit  growers  are  well  organized  for  discus- 
sion and  for  the  insistent  presentation  of  their  needs  and  so 
are  likely  to  receive  their  full  share  of  attention  at  the 
hands  of  this  or  any  other  State  institution  which  is  concerned 
with  their  interests. 

STATION  STAFF. 

Several  changes  have  occurred  in  the  Station  staff  during  the 
past  year.  Heinrich  Hasselbring,  B.S.A.,  Assistant  in  Horti- 
culture, was  called,  at  an  increased  salary,  to  the  position  of 
Assistant  Botanist  in  the  agricultural  department  of  the  Uni- 
versity of  Illinois.  His  place  has  been  filled  by  the  election  of 
Nathaniel  O.  Booth,  B.  Agr.,  who  previously  occupied  a  similar 
position  in  the  University  of  Missouri.  Mr.  Booth  is  a  graduate 
from  the  University  of  Missouri  in  the  course  in  agriculture, 
and  before  coming  to  New  York  had  shown  himself  capable  of 
successful  work  in  experimental  horticulture. 

Amasa  D.  Cook,  Ph.C,  after  serving  the  Station  for  more  than 
eight  years  as  Assistant  Chemist,  resigned  his  place  at  the  end 
of  his  year's  leave  of  absence  in  order  to  continue  his  studies 
at  Cornell  University. 

Edwin  B.  Hart,  B.S.,  returned  from  Europe  in  August  after 
a  year's  study  with  Professor  A.  Kossel,  Marbourg,  and  at 
Heidelberg,  Germany,  where  he  devoted  his  attention  chiefly 
to  the  chemistry  of  the  proteids. 

Harry  J.  Eustace,  B.S.,  a  graduate  from  the  Michigan  Agri- 
cultural College,  was  selected  as  student  assistant  in  botany  and 
will  spend  the  larger  part  of  1002  at  the  Station,  devoting  some 
weeks  to  special  studies  at  Cornell  Uuniversity. 

It  was  decided  by  vote  of  j'our  board  to  abolish  the  position 
of  Second  Assistant  Horticulturist  and  create  a  new  position 
to  be  known  as  Foreman  in  Horticulture.  After  competitive 
examination  Orrin  M.  Taylor  was  selected  for  that  position,  and 
has  entered  upon  his  duties  in  immediate  supervision  of  the 
practical  execution  of  experiment  details  in  the  orchards, 
gardens  and  forcing  houses. 
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J.  Arthur  LeClcFc,  li.S.,  was  granted  one  year's  leave  of 
absence  for  further  study,  to  take  effect  September  1,  1901.  Mr. 
LeClerc  is  now  in  Europe. 

BUILDINGS  AND  EQUIPMENT. 

The  completion  of  a  house  for  the  Director  of  the  Station 
marks  another  step  in  the  progress  of  the.  institution.  It  is 
gratifying  to  note  that  the  legislature  of  1901  appropriated 
18,500  for  the  repairs  of  the  original  Station  building  so  long 
jointly  occupied  by  the  Director's  family  and  part  of  the  busi- 
ness offices.  It  is  expected  that  before  another  year  elapses  all 
the  administrative  work  of  the  Station  will  be  located  in  this 
building  in  such  a  way  as  to  greatly  increase  convenience  and 
elliciency. 

THB  MAILING  LIST. 

The  mailing  list  has  reached  the  highest  point  since  the  estab- 
lishment.of  the  Station.  Its  growth  ia  steady,  and  because  its 
enlargement  is  not  forced  by  any  special  effort,  it  measures  in  a 
general  way  the  rate  of  development  of  the  influence  of  the 

Station. 

PopuLAB  Bulletin  List. 

Residents  of  New  York 34, 100 

Uesidents  of  other  States 1, 150 

Newspapers *. 767 

Experiment  stations  and  their  staffs 785 

Miscellaneous t 131 

Total 36,933 

Complete  Bulletin  List. 

Kxperiment  stations  and  their  staffs • ,  785 

Libraries,  scientists,  etc • • .  261 

Foreign  list 115 

Individuals 1,390 

Miscellaneous 131 

Total 2,682 

WORK    IN   THE    SECOND    JUDICIAL    DEPARTMENT. 

In  1894  special  work  was  instituted  in  the  Second  Judicial 
Department.  This  effort  was  doubtless  brought  about  by  the 
conditions  prevailing  in  the  immediate  vicinity  of  New  York 
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City  whore  long  established  and  intensive  agriculture  had  come 
to  have  serious  problems  relating  to  fungoid  and  insect  pests. 

It  was  thought  best  by  those  administering  the  affairs  of  the 
Station  at  that  time  to  establish  a  branch  office  at  Jamaica, 
L.  I.,  as  a  center  from  which  to  work.  This  was  probably  a  wise 
arrangement  under  the  conditions  then  prevailing.  Since  that 
time  the  Station  has  become  more  fully  organized  into  well 
defined  departments  and  it  is  now  clearly  good  policy  to  so 
rearrange  the  administration  of  our  outside  experimental  work 
as  to  bring  the  responsibility  and  details  directly  to  the  several 
departments  of  the  Station.  Moreover,  there  appears  to  be  no 
good  reason  for  the  extra  expense  attending  a  branch  office 
because  of  duplication  of  men  and  equipment-  Acting  in  accord- 
ance with  these  views  your  Board  voted  to  discontinue  the 
branch  office  at  Jamaica  after  June  30,  1902.  It  is  definitely 
understood  that  this  action  is  in  no  way  to  affect  the  character 
or  extent  of  the  experiments  conducted  in  Eastern  New  York 
unless  it  have  the  effect  of  enlargment  and  greater  efficiency, 
and  any  assertions  to  the  contrary  by  the  uninformed  should  be 
discredited. 

INSPBOTION  WORK. 

The  inspection  of  fertilizers,  feeding  stuffs,  Babcock  glassware 
and  insecticides  has  come  to  absorb  a  generous  share  of  the 
energy  of  the  Station  staff. 

The  data  collected  for  1901  is  briefly  summarized  in  what 
follows: 

Inspection  of  fertilizers. — During  the  year  1901,  there  were  col- 
lected for  analysis  963  samples  of  commercial  fertilizers,  repre- 
senting 456  different  brands;  of  these  324  brands  were  complete 
f(*rtilizers.  The  average  amounts  of  plant-food  constituents 
found  and  guaranteed  are  as  follows: 


Guaranteed 
Found  


Nitrogen. 
Per  ot. 

ATallable. 

phosphoric  acid. 

Perct. 

Potash. 
Ptr  ct. 

1.89 

7.67 

4.13 

2.01 

8.80 

4.47 

In  six  cases,  the  nitrogen  and  phos^jhoric  acid  were  more  than 
0.5  p(T  ct.  below  guarantee;  in  16  cases,  the  potash  was  more 
than  0.5  per  ct.  below  guarantee. 
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The  retnil  selling  price  of  complete  fertilizers  averages  |25.71 
a  ton,  while  the  retail  cost  of  the  separate  ingredients,  unmixed, 
averages  |19.81,  or  |5.90  a  ton  less  than  the  selling  price.  The 
average  cost  of  one  pound  of  plant-food  in  mixed  fertilizers  to 
conflumers  is  as  follows:  nitrogen,  20.8  cents;  available  phos- 
phoric acid,  6.2  cents;  potash,  5.9  cents. 

In  1901,  82  manufacturers  paid  license  fees  on  550  different 
brands  of  fertilizers.  The  requirement  of  a  license  fee  has 
reduced  the  number  of  brands  offered  for  sale  from  2,268  to  550. 

The  iii'Spection  of  commercial  feeding  atuffs. — The  outcome  of 
the  inspection  of  feeding  stuffs  is  given  in  Bulletin  No.  198. 
It  is  shown  that  92  manufacturers  complied  with  the  law  by 
registering  the  guaranteed  composition  of  126  brands,  and  pay- 
ing the  required  license  therefor.  Sixty-six  of  these  brands  were 
standard  feeding  stuffs  having  more  or  less  fixed  or  definite  char- 
acteristics, while  60  were  feeds  compounded  from  various  manu- 
facturing offalfl,  the  majority  of  which  contained  some  inferior 
ingredient. 

The  analyses  of  297  samples  taken  by  representatives  of  the 
Station  are  reported,  representing  98  brands  inspected  in  the 
fall  of  1900  and  101  brands  found  in  the  winter  of  1901. 

The  unmixed  or  standard  goods  were  found  to  be  of  fairly 
uniform  quality  and  practically  as  good  as  the  guarantees, 
except  in  a  single  instance.  The  discrepancies  occurred  with  the 
mixed  goods,  many  of  which  contained  oat  hulls,  as  shown  by 
the  percentage  of  crude  fibre  present. 

Adulteration  of  corn  meal  and  other  grain  products  appears  to 
be  practiced.  On  the  whole,  it  can  be  said  with  good  reason 
that  the  compounding  of  feeds  and  the  use  of  inferior  materials 
for  adulteration  is  a  serious  menace  to  the  prosperity  of  the 
etock  keeper  if  he  continues  to  buy  cattle  foods  freely.  These 
mixtures  are  inferior  in  quality  in  most  instances  and  are  sold  at 
prices  relatively  too  high. 

fnHi>€ction  of  Paris  green  and  other  insecticides. — In  forty  sam- 
ples of  Paris  green  examined,  the  nnionnt  of  arsenious  oxide 
varied  from  56.13  to  62.87  per  ct.,  with  an  average  of  58.10  per 
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ct.;  the  water-soluble  arsenious  oxide,  from  0.88  to  2.64  per  ct., 
with  an  average  of  1.28  per  ct.;  the  copper  oxide,  from  26.53  to 
31.14  per  ct.,  with  an  average  of  29.88  per  ct.,  and  the  arsenious 
oxide  in  combination  with  copper,  from  49.70  to  57.72  per  ct., 
with  an  average  of  55.98  per  ct.  These  results  indicate  that  the 
Paris  green  in  the  market  during  1901  was  of  good  quality  in 
every  respect. 

hispection  of  Bahcock  glasstoare. — ^In  1901  the  Station  tested 
glassware  for  seventy-seven  cheese  factories  and  creameries, 
including  3,473  milk  test  bottles,  56  cream  bottles  and  97 
pipettes.    Of  these  119  were  found  incorrect  and  rejected. 

The  Station  ifi  not  required  to  inspect  cheese  factories  and 
creameries  to  determine  whether  they  are  complying  with  the 
law  as  to  Babcock  glassware.  The  responsibility  in  respect  to 
this  compliance  rests  entirely  with  those  having  the  manage- 
ment of  the  factories  and  creameries. 

ANIMAL  HUSBANDRY. 

The  food  source  of  milk  fat — The  results  reported  in  Bulletin 
No.  197,  relating  to  the  food  source  of  milk  fats,  were  in  con- 
tinuation of  the  investigations  discussed  in  Bulletin  No.  132. 

The  conclusion  reached  in  the  former  experiment  that  part, 
at  least,  of  the  milk  fat  comes  from  the  carbohydrates  is  eon- 
firmed;  and  other  facts  relating  to  metabolism  and  the  utiliza- 
tion of  food  by  milch  cows  are  brought  out. 

Three  cows  were  used :  Cow  12  fed  a  fat-poor  ration  in  which 
the  protein  supply  was  gradually  decreased  from  2.6  lbs.  daily  to 
1.6  lbs.  and  then  gradually  restored  to  the  maximum,  with 
accompanying  increase  and  decrease  in  carbohydrates  so  that  the 
digi^stible  dry  matter  of  the  ration  was  kept  fairly  uniform; 
Cow  10  fed  a  ration  with  normal  supply  of  fat  at  first  which  was 
gradually  increased  to  1.4  lbs.  daily,  then  gradually  restored  to 
the  normal;  Cow  2  fed  the  herd  ration  having  a  nutritive  ratio 
about  1:5.6.  These  rations  were  quite  varied  in  character  and 
contained  some  fat-extracted  foods;  yet  they  showed  a  quite  uni- 
form digestibility  of  about  70  per  ct.  of  the  dry  matter.     It  is 
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believed  that  this  figure  represents  fairly  the  digestibility  of 
rations  made  up  in  part  of  silage  and  containing  a  fair  propor- 
tion of  high-class  grains.  A  widening  of  the  nutritive  ratios 
appeared  to  render  rations  less  digestible,  especially  the  protein. 
The  marked  changes  in  protein  content  and  in  fat  content  of 
i-ations  did  not  produce  noticeable  changes  in  the  character  or 
composition  of  the  milk.  In  the  former  test,  during  59  days, 
18.4  lbs.  of  fat  was  formed  in  the  milk  which  could  not  have 
had  its  source  in  food  fat  or  food  protein  and  could  hardly  have 
been  drawn  from  the  cow's  body  fat  as  she  increased  in  weight 
33  lbs.  in  the  same  time.  In  the  second  test  Cow  12  in  74 
days  produced  39  lbs.  of  fat  similarly  unaccounted  for,  with 
a  body  gain  of  15  lbs.,  and  Cow  2  in  4  days,  IJ  lbs.  These 
amounts  of  fat  must  have  come  from  the  carbohydrates  in  the 
food. 

A  lessening  of  protein  supply  in  the  food  did  not  produce  a 
corresponding  decrease  of  protein  in  the  milk  solids,  but  caused 
a  marked  lessening  of  protein  decomposition  in  the  body.  Calo- 
rimeter determinations  show  that  the  heat  value  of  urine  bears 
no  constant  relation  to  its  nitrogen  content,  and  also  prove  that 
the  formula  used  in  computing  heat  energy  of  urine,  Nx5.343 
Cal.,  is  greatly  in  error,  actual  results  being  from  3  to  4  times 
as  large  as  calculated  by  this  formula.  The  energy  value  of 
nutrients  as  given  by  Rubner — protein  and  carbohydrates  each 
4.1  Cal.  and  fats  9.3  Cal. — appear  to  be  fully  high  enough  for 
herbivora,  even  when  the  loss  due  to  escape  of  unoxidized  gases, 
methane  chiefly,  is  not  considered. 

Over  40  per  ct.  of  the  avaihible  energy  value  of  the  rations 
was  used  for  maintenance,  over  30  i)er  ct.  reapix?ared  in  the 
milk  solids,  leaving  a  balance  of  from  one-fifth  to  one-fourth  of 
the  ration.  The  logical  conclusion  is  that  this  balance,  in  part 
at  least,  sustains  the  work  of  milk  secretion. 

Th<;  immediate  effect  07i  milk  floto  of  chcunges  in  the  composition  of 
the  ratioth. — A  large  number  (nearly  1,000)  of  the  individual 
records  from  a  daily  herd  have  been  averaged  according  to 
different  relations  in  the  constituents  of  the  food  to  show  the 
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general  tendency  of  certain  changes  to  affect  the  milk  flow, 
Observations  were  made  in  this  case  only  in  regard  to  the  im- 
mediate effect  of  these  changes. 

Only  rations  which  approximated  those  of  the  common  feed- 
ing standards  were  considered.  Within  these  limits  changes  in 
the  amount  of  total  digestible  organic  matter  showed  a  greater 
and  more  constant  influence  than  any  other.  An  increase  in 
amount  of  the  total  nutrients  had  a  generally  favorable  effect 
on  the  milk  yield,  and  a  reduction  an  unfavorable  one,  either 
when  the  amount  was  more  or  less  than  the  15.5  lbs.  per  day 
for  each  1,000  lbs.  live  weight. 

Changes  in  the  fuel  value  of  the  ration  showed  effects  cor- 
responding to  those  in  amount  of  total  nutrients  both  above  and 
below  the  value  of  30,000  Calories. 

Changes  in  the  protein  content  of  the  ration  within  the  ordi- 
nary limits  showed  less  effect  than  changes  in  the  amount  of 
nutrients.  In  general  an  increase  in  the  amount  of  protein  up 
to  2.5  lbs.  per  day  for  each  1,000  lbs.  live  weight  affected 
the  milk  flow  favorably.  Above  that  amount,  for  ordinary  cows, 
a  reduction  had  a  favorable  effect. 

The  effects  of  changes  in  the  nutritive  ratio  corresponded  in 
a  general  way  to  those  following  changes  in  the  protein  content. 

DBPABTMENT   OF    BAOTBEIOLOGT. 

Much  of  the  work  performed  in  the  department  was  a  union 
of  effort  with  the  chemical  department  in  studying  the  factors 
which  are  operative  in  the  curing  of  cheese  and  so  far  as 
reported  this  is  summarized  in  what  is  presented  from  the 
chemical  department.  Study  has  also  been  given  to  certain 
cheese  troubles,  a  report  of  which  will  be  made  after  the  accu- 
mulation of  further  data. 

department  of  botany. 

Currant  anthracnose. — In  the  Hudson  Valley  there  has  been  an 
epidemic  of  currant  anthracnose,  a  fungous  disease  which 
causes  the  leaves  to  fall  prematurely.    Much  damage  was  done. 
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In  some  cases  the  yield  of  fruit  was  reduced  one-lialf.  This 
unusual  outbreak  furnished  an  excellent  opportunity  for  the 
study  of  the  disease.  It  has  been  discovered  that  the  fungus 
attacks  not  only  the  foliage,  but  also  the  fruit,  fruit  stems  and 
canes;  that  some  varieties,  notably  Wilder  and  Prince  Albert, 
are  very  resistant  to  the  disease;  and  that  plants  in  high  situa- 
tions on  dry  soil  are  more  affected  than  those  growing  in  low 
situations  on  moist  soil.  There  is  no  cause  for  alarm.  It  is 
improbable  that  the  disease  will  continue  to  be  destructive,  but 
in  case  it  should  do  so  it  can  probably  be  controlled  by  spraying 
with  Bordeaux  mixture. 

Trouble  with  pears  in  a  nursery  oeUar. — ^The  Station  Botanist 
has  investigated  a  case  in  which  pear  trees  stored  in  a  nursery 
cellar  were  severely  injured  by  being  thawed  too  quickly.  The 
sand  around  the  roots  of  the  trees  had  become  frozen  and  to 
facilitate  the  removal  of  the  trees  a  small  wood  fire  was  built 
to  thaw  the  sand.  The  tops  of  25,000  trees  were  blackened  and 
killed.  Had  the  trees  been  thawed  very  gradually  it  is  prob- 
able that  no  injury  would  have  resulted. 

Cherry  shot-hole  fungus, — ^Heretofore  it  has  been  supposed  that 
the  common  shot-hole  fungus  of  plums  and  cherries,  Cylindro- 
sporium  padi,  confines  its  attacks  to  the  leaves;  but  during  the 
past  season  the  discovery  has  been  made  that,  on  sour  cherries, 
it  also  attacks  the  fruit  pedicels  with  great  severity.  This  dis- 
covery is  of  scientific  interest  chiefly  and  has  no  important  bear- 
ing on  the  treatment  of  the  disease. 

Anthracnose  of  cultivated  snapdragon. — Our  last  report  con- 
tained an  account  of  a  destructive  anthracnose  affecting  the 
Antirrhinum  or  cultivated  snapdragon.  Recently  it  has  been 
discovered  that  the  same  disease  attacks  the  yellow  toad-flax, 
lAnaria  vulgaris,  a  common  weed  closely  related  to  the  Antir- 
rhinum. This  fact  makes  the  prevention  of  the  disease  some- 
what more  difficult  than  we  have  supposed  it  to  be. 

Imperfect  fertilization  of  peaches, — Through  inip(Tfect  fertiliza- 
tion of  peach  blossoms  there  may  come  about  a  condition  some- 
what resembling  the  dreaded  "  little  peach  "  disease.    However, 
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the  two  troubles  may  be  readily  distinguished  by  the  fact  that 
imperfectly  fertilized  peaches  have  undersized  pits  containing 
no  kernel  or  else  only  a  partially  developed  one;  whereas,  in  the 
"  little  peach  "  disease  the  pit  is  of  normal  size  and  contains  a 
well  developed  kernel. 

Tile  di-uiii  clogged  hy  fungus. — At  Milton,  N.  Y.,  the  three-inch 
tile  drain  to  a  vinegar  cellar  became  completely  clogged  by  an 
unusually  luxuriant  growth  of  the  fungus  Leptomitus  lacteus. 
The  obstruction  was  readily  removed  by  placing  a  handful  of 
copper  sulphate  crystals  in  the  upper  end  of  the  drain. 

Fungus  m  irfrigerators. — The  water  pipes  to  refrigerators 
often  become  clogged  with  a  dark-gray,  slimy  substance.  The 
principal  part  of  this  slime  consists  of  a  fungus  which  is  a  vege- 
table growth  and  not  an  accumulation  of  matter  from  the  ice. 
It  may  be  removed  by  occasionally  pouring  boiling  water 
through  the  waste  pipe. 

DEPARTMENT  OP  CHEMISTRY. 

Conditions  affecting  chnse  curing.  (1)  Conditions  affecting  loss 
of  toeight. — Loss  of  weight  in  cheese  during  ripening  is  due 
mainly  to  evaporation  of  moisture  from  cheese  and,  at  long-con- 
tinued temperatures  above  70°  F.,  to  leakage  of  fat.  Loss  of 
weight  varies  with  following  conditions:  (1)  Amount  of  moisture 
originally  in  cheese;  the  greater  the  percentage  of  moisture  in 
the  cheese  the  more  rapid  and  greater  the  loss  of  moisture. 
(2)  Teiiii>erature  of  curing-room;  the  higher  the  tempel'ature 
the  greater  and  more  rapid  the  loss  of  moisture.  (3)  The  degree 
of  saturation  with  moisture  in  air  of  curing-room;  the  more 
moist  the  air  the  less  rapid  the  loss  of  weight.  (4)  The  size  and 
shape  of  cheese;  increase  of  height  or  diameter  of  cheese 
decreases  the  rapidity  of  relative  loss  of  weight.  (5)  The  tex- 
ture of  cheese;  the  closer  and  more  solid  the  texture,  the  less 
rapid  the  loss  of  moisture. 

These  results  point  conclusively  to  the  necessity  of  providing 
curing-rooms  in  which  the  conditions  of  moisture  and  tempera- 
ture   can    be    controlled.      Lower    temperatures    with    proper 
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amount  of  moisture  in  air  result  in  larger  amounts  of  cheese  to 
sell  and  at  the  same  time  clic  ese  of  better  quality. 

(2)  A  study  of  enzymes  in  cheese, — Methods  of  making  and  curing 
cheese  improve  slowly,  because  we  do  not  yet  know  with  cer- 
tainty what  agent  or  agents  are  the  causes  of  cheese  ripening. 
During  the  past  three  years  the  chemical  and  bacteriological 
de[)artments  have  been  making  a  careful  study  of  the  factors 
that  are  commonly  regarded  as  the  active  ones  in  producing 
ripening  of  cheese.  The  results,  as  far  as  published,  appear  to 
indicate  that  neither  the  enzymes  secreted  in  cows'  milk  nor 
those  produced  by  bacteria  in  the  milk  previous  to  its  being 
made  into  cheese  are  to  be  regarded  as  the  most  prominent 
factors  in  normal  cheese  ripening. 

DEPARTMENT  OP  ENTOMOLOGY. 

Spraifinff  avpefiments  mth  crude  petroleum. — Series  I  of  these 
tests  included  the  experiments  to  determine  the  effect  of  crude 
petroleum  upon  normal  trees,  and  Series  II  the  experiments  to 
determine  the  percentage  of  petroleum  in  an  emulsion  with 
water  required  to  kill  the  San  Jos^  scale.  Three  hundred  and 
twenty-one  fruit  trees  were  included  in  these  experiments,  con- 
sisting of  apples,  cherries,  pears,  peaches  and  plums.  The 
results  were  fairly  uniform.  In  the  experiments  of  Series  I  no 
injury  was  caused  by  the  25  per  ct.  emulsion  except  to  peach 
trees,  but  in  every  case  40  per  ct.  and  higher  i/C'^centages 
caused  serious  injury  to  European  plum  trees,  and  to  apple  trees 
when  the  emulsion  was  applied  during  the  fall  or  winter.  Early 
spring  applications  of  the  40  per  ct.  emulsion  did  not  injure 
apple  trees.  Pear  and  cherry  trees  were  not  harmed  by  the 
emulsion  or  undiluted  petroleum  even  when  applied  during  the 
fall  or  winter. 

The  experiments  to  ascertain  the  percentage  of  petroleum 
required  to  kill  the  hibernating  scales  also  gave  uniform  results. 
The  25  per  ct.  emulsion  failed  to  affect  the  scales  materially 
while  the  40  per  ct.  and  higher  percentages  killed  them  in  every 
instance. 
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Taken  as  a  whole  these  experiments  indicate  the  following: 

1.  Vigorous  trees  are  probably  less  liable  to  injury  by  crude 
petroleum  than  weak  ones. 

2.  Peach  and  plum  trees  are  more  sensitive  to  crude  petro- 
leum than  apples,  cherries  or  pears. 

3.  There  is  less  danger  of  injury  if  trees  are  sprayed  in  early 
spring  than  during  the  fall  or  winter. 

4.  The  25  per  ct.  emulsion  of  crude  petroleum  and  water  can- 
not be  depended  upon  to  kill  the  hibernating  scales  in  •  the 
latitude  of  western  New  York  while  the  40  per  ct.  has  proven 
efficient. 

5.  Much  pains  should  be  taken  to  avoid  over-drenching  the 
trees.  Only  enough  of  the  emulsion  should  be  applied  to  wet 
the  bark  evenly  and  thoroughly. 

Washes. — The  resin-lime  mixture  and  government  whitewash 
did  not  adhere  to  the  trees  well  and  apparently  had  but  little 
effect  on  the  scales. 

Fumigation. — The  fumigation'  experiments  in  western  New 
York  with  hydrocyanic  acid  gas  were  also  divided  into  two 
series.  Series  1  included  the  experiments  to  determine  the 
effect  of  the  gas  upon  bud  sticks  for  budding  purposes,  and 
Series  II  the  strength  of  the  gas  required  to  kill  the  hibernating 
scales.  In  both  series  the  gas  was  used  at  strengths  varying 
from  .18  to  .3  gram  of  cyanide  of  potassium  per  cubic  foot  of 
air  space.  The  exposure  of  the  buds  to  the  gas  varied  from  one- 
half  hour  to  one  hour. 

The  experiments  with  buds,  while  not  entirely  satisfactory 
owing  to  the  somewhat  unfavorable  conditions  surrounding  the 
treated  buds,  gave  sufficiently  uniform  results  to  indicate  clearly 
that  the  gas  is  harmless  except  in  the  case  of  the  peaches,  which 
were  evidently  injured  slightly  by  the  gas  at  .3  gram  of  cyanide. 
There  was  but  little  difference  in  the  percentage  of  treated  buds 
that  set  and  the  checks.  In  all  4,483  buds  were  treated,  78  per 
ct.  of  which  set.  The  checks  numbered  4,864,  of  which  85.5  per 
ct.  set,  making  but  a  slight  difference  in  their  favor.    This  differ- 
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ence  was  probably  due  in  large  part  to  imperfect  protection  and 
accidents  to  the  treated  buds  after  setting. 

The  experiments  of  Series  II  resulted  in  a  failure  to  kill  the 
scales  during  the  winter  with  gas  of  less  strength  than  .3  gram 
of  cyanide.  The  spring  treatment  gave  different  results.  The 
gas  at  a  little  more  than  half  the  strength  (.18  gram)  killed  the 
scales  in  every  case  and  did  not  injure  the  foliage. 

In  tests  made  on  Long  Island  the  conclusion  was  reached  that 
it  is  possible  to  exterminate  the  scale  in  small^  isolated  orchards 
of  small  trees  by  fumigation.  Under  favorable  circumstances 
the  gas  from  .15  gram  of  cyanide  per  cubic  foot  of  space  suflQced 
to  kill  the  scales;  but  where  the  fumigation  is  done  over  damp 
soil,  or  when  the  trees  are  wet,  it  is  best  to  use  twice  this 
amount  as  the  gas  is  rapidly  absorbed  by  water,  thus  reducing 
the  percentage  jn  the  air.  It  is  safe  to  use  gas  of  this  strength 
(.3  gram  of  cyanide  per  cubic  foot)  for  frojn  30  to  60  minutes 
upon  all  dormant  orchard  trees. 

Trials  of  different  proportions  of  cyanide,  acid  and  water  in 
the  formula  for  generating  the  gas  in  fumigation  showed  that 
1  part  of  lump  cyanide  by  weight,  1^  times  as  much  acid  by 
volume  and  3  times  as  much  water  by  volume  gave  complete, 
rapid  and  not  too  violent  chemical  action.  This  formula  differs 
but  slightly  from  the  commonly  used  formula  (1-1^-2 J) ;  so  that 
the  latter  may  be  followed  if  preferred,  using  a  little  more  water 
if  the  action  seems  too  violent. 

Promising  inaeoiioides. — Certain  insecticides  which  were  tried 
as  most  promising  remedies  for  the  San  Jos6  scale,  but  which 
require  further  tests  to  demonstrate  their  value  are  whale-oil 
soap  and  crude  petroleum  compound,  the  lime-sulphur-and-salt 
wash  and  a  kerosene-lime  emulsion. 

Modification  of  the  Station  fumigator. — This  consists  of  a  new 
method  of  holding  the  door  in  place.  Instead  of  buttons,  four 
strips  extend  across  the  front  of  the  door  and  project  about 
three  inches  on  each  side.  The  projecting  ends  are  cut  on  a 
bevel  and  fit  against  corresponding  surfaces  of  blocks  fastened 
to  the  sides  of  the  fumigator.  As  the  door  is  pressed  down  it 
is  forced  securely  into  place. 
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Hexagonal  folding  fwnviyator. — For  the  work  on  Long  Island  a 
new  form  of  fumigator  was  devised,  which  possesses  some 
advantages  over  all  other  forms.  This  is  hexagonal  in  form, 
with  sides  hinged  to  allow  of  folding  into  compact  form  for 
transportation  and  storage,  and  with  removable  folding  top.  In 
operation  the  box  is  held  rigid  by  the  top  and  by  braces  at  the 
bottom.  Two  sides  and  part  of  the  top  swing  back  easily  to 
allow  of  placing  the  fumigator  about  the  tree  to  be  treated.  The 
hexagonal  form  avoids  waste  space  aboat  the  tree, 

DEPARTMENT  OP  HORTIOULTUBD. 

The  forcing  of  lettuce  has  come  to  be  one  of  the  Important 
industries  connected  with  market  gardening  in  this  and  adjacent 
States.  In  1895  a  line  of  experiments  was  undertaken  at  this 
Station  bearing  upon  practical  problems  which  are  to  be  met  in 
the  business  of  forcing  lettuce.  The  first  report  on  this  line  of 
work  was  given  in  1898,  in  Bulletin  146,  and  also  in  the  Station's 
Annual  Report  for  that  year.  This  report  treated  of  **  Soil  Mix- 
ture for  Forcing  Lettuce,"  and  "  The  Use  of  Commercial  Fer- 
tilizers in  Forcing  Head  Lettuce."  In  the  conclusions  therein 
set  forth  it  was  stated  that  when  the  soil  was  fertilized  with 
heavy  applications  of  stable  manure  no  advantage  seemed  to  fol- 
low the  addition  of  either  sulphate  of  potash,  acid  phosphate  or 
nitrate  of  soda.  On  the  clay  loam  mixed  with  15J  per  ct.  stable 
manure  by  weight  a  slight  increase  in  growth  followed  the  addi- 
tion of  nitrate  of  soda.  Since  1898  the  investigations  have  been 
continued  each  year  for  the  purpose  of  gaining  further  informa- 
tion on  the  economical  use  of  commercial  fertilizers  in  forcing 
lettuce  either  when  used  alone  or  in  combination  with  stable 
manure.  Nitrogenous  commercial  fertilizers  were  tried  alone 
and  in  combination  with  various  percentages  of  manure.  The 
tests  were  made  with  loose  lettuce  and  head  lettuce  both  on  a 
medium  clay  loam  and  a  light  sandy  loam.  The  nitrogenous 
commercial  fertilizers  which  were  compared  were  nitrate  of 
soda,  at  the  rate  of  600  lbs.  per  acre,  sulpliate  of  ammonia  480 
lbs.  per  acre,  dried  blood  1,000  lbs.  per  acre,  and  a  combination 
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of  850  lbs.  of  driod  blood  aiul  100  lbs.  nitrate  of  soda  per  acre. 
The  anioniit  of  nitrogen  thus  applied  was  approximately  the 
same  in  each  case. 

The  use  of  these  commercial  fertilizers  with  no  manure  was 
followed  by  a  much  better  yield  of  lettuce  than  that  produced 
by  similar  soil  not  fertilized.  On  the  clay  loam  the  use  of  the 
nitrate  of  soda  without  manure  was  followed  by  a  better  yield 
than  followed  the  use  of  either  sulphate  of  ammonia  or  dried 
blood  without  manure.  On  the  sandy  soil  without  manure  dried 
blood  generally  gave  better  results  than  either  the  sulphate  of 
ammonia  or  the  nitrate  of  soda.  With  sulphate  of  ammonia 
and  no  manure  the  yields  were  very  variable.  These  nitrogen- 
ous fertilizers  alone,  in  the  amounts  applied,  proved  inadequate 
for  forcing  lettuce  in  a  sufficiently  short  time  to  be  profitable. 
Very  much  better  crops  were  obtained  when  stable  manure  was 
added. 

The  higher  percentages  of  manure  when  combined  with  the 
nitrogenous  commercial  fertilizers  above  named  obscured  the 
action  of  the  latter  so  that  it  was  not  possible  to  decide  that  any 
advantage  was  obtained  from  adding  them  with  the  manure. 
With  the  smaller  percentages  of  manure  (5  per  ct.  and  10  per 
ct.)  the  addition  of  dried  blood  gave  in  the  aggregate  better 
results  than  either  nitrate  of  soda  or  sulphate  of  ammonia  simi- 
larly combined. 

When  5  per  ct.  of  manure  was  added  to  the  soil  with  the  com- 
mercial fertilizers  referred  to,  the  yields  were  invariably  very 
much  increased  over  those  obtained  with  the  same  fertilizers 
and  no  manure.  Double,  triple  and  quadruple  portions  of 
manure  increased  the  yield  of  the  first  crop  but  not  to  a  cor- 
responding extent.  With  -succeeding  crops  the  cumulative  effect 
of  fiuccessive  heavy  applications  of  manure  was  seen  in  the 
actual  decrease  of  the  yield  below  that  obtained  with  more  mod- 
erate applications  of  manure. 

In  forcing  lettuce  it  is  not  uncommon  for  gardeners  to  use 
from  5  per  ct.  to  20  per  ct.  of  manure.  The  amount  which  they 
use  doubtless  most  often  approaches  the  20  per  ct.  rate.    In 
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these  experiments  repeated  applications  at  the  rate  of  15  per  ct. 
to  20  per  ct.  of  manure  proved  not  only  wasteful  of  manure  but 
also  lessened  the  yield. 

As  in  the  previous  experimenta  reported  in  Bulletin  146  the 
clay  loam  gave  better  crops  of  lel  tuce  than  the  sandy  loam  when 
both  were  given  equal  amounts  of  stable  manure. 

The  amount  of  manure  which  it  is  economical  to  use  in  forcing 
lettuce  necessarily  varies  with  the  character  of  the  manure  and 
of  the  soil.  It  also  would  vary  to  some  extent  with  the  differ- 
ence between  the  prices  received  for  fancy  lettuce  and  those 
received  for  the  ordinary  grades.  For  these  rasons  definite 
amounts  cannot  be  recommended. 

CROP  PRODUCTION. 

Commercial  fertilizers  in  anion  growing. — Experiments  in  the 
use  of  different  quantities  of  a  complete  fertilizer  in  growing 
onions  were  conducted  at  Florida,  Orange  Co.,  N.  Y.,  for  four 
years  on  the  same  field  and  for  one  year  on  a  field  of  another 
farm. 

The  quantities  of  fertilizer  used  per  acre  were  none,  500  lbs., 
1000  lbs.,  1500  lbs.  and  2000  lbs. 

On  the  Purdy  field  (4  years),  when  only  500  lbs.  of  fertilizer 
was  used  the  manure  cost  of  the  increase  of  crop  was  16.6  cts. 
per  barrel;  with  1000  lbs.,  79.3  cts.,  with  1500  lbs.,  80.4  cts.,  and 
with  2000  lbs.,  227.8  cts. 

The  profit  from  using  the  fertilizer  came  mostly  from  the  first 
500  lbs.  applied,  averaging  |35.84  per  acre.  With  onions  at 
11.25  per  barrel  the  profit  was  slightly  larger  (about  |3  per 
acre),  with  both  the  1000  lbs.  and  1500  lbs.  of  fertilizer  per  acre; 
but  2000  lbs.  was  used  at  a  loss. 

On  the  Mars  field  one  experiment  was  conducted  which  showed 
no  increase  of  yield  from  applying  commercial  fertilizer  even  in 
the  larger  quantities. 

The  results  of  these  experiments  show  clearly  that  the  crops 
were  limited  more  by  other  conditions  than  by  the  extent  of  the 
plant  food  supply.    With  the  best  conditions  of  season  and  water 
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supply  the  smallest  amount  of  fertilizer  supported  the  maximum 
crop. 

Considering  the  varying  market  price  of  onions  from  one  year 
to  another  and  the  various  vicissitudes  to  which  the  crop  is  sub- 
jected, the  use  of  the  larger  quantities  of  fertilizer  (above  500 
lbs.)  wafl  attended  by  danger  of  financial  loss. 

Effect  of  manures  on  sugar  beets. — These  experiments  were 
undertaken  to  test  the  accuracy  of  the  statement  that  sugar 
beets  are  of  an  inferior  quality  when  grown  on  land  to  which 
stable  manure  is  applied  in  the  spring. 

The  experiments  have  been  conducted  during  four  consecutive 
years,  mostly  on  the  Station  farm.  Comparisons  have  been  made 
of  the  quality  of  beets  not  manured,  thoee  grown  with  commer- 
cial fertilizer,  mostly  1000  lbs.  per  acre,  and  those  grown  on  land 
receiving  in  the  spring,  before  planting  the  beets,  from  40,000 
lbs.  to  80,000  lbs.  stable  manure  per  acre.  Beets  from  at  least 
six  varieties  of  seed  were  grown  during  the  four  years. 

The  results  are  almost  unanimous  in  one  direction.  The  beets 
have  been  of  high  quality  with  all  three  methods  of  treatment, 
averaging  eomewhat  better  with  the  farm  manure  than  with  no 
manure  or  with  commercial  fertilizers. 
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REPORT  OF  THE  DEPARTMENT  OF 
ANIMAL  HUSBANDRY. 


THE    FOOD    SOURCE    OF    MILK    FAT;    WITH 

STUDIES  ON  THE  NUTRITION 

OF  MILCH  COWS .♦ 


W.  H.  JORDAN,  C.  Q.  JRNTER  AND  P.  D.  PUMPER. 

The  tests  herein  reported  are  in  continuation  of  one  given  in 
Bulletin  132  relating  to  the  food  source  of  milk  fats.  The 
conclusion  reached  in  that  experiment,  that  part,  at  least,  of 
the  milk  fat  comes  from  the  carbohydrates,  is  confirmed;  and 
other  facts  relating  to  metabolism  and  utilization  of  food  by 
milch  cows  are  brought  out. 

Three  cows  were  used:  Cow  12  fed  a  fat-poor  ration  in  which 
the  protein  supply  was  gradually  decreased  from  2.6  lbs.  daily 
to  1.6  lbs.  and  then  gradually  restored  to  the  maximum,  with 
accompanying  increase  and  decrease  in  carbohydrates  so  that 
the  digestible  dry  matter  of  the  ration  was  kept  fairly  uniform; 
Cow  10  fed  a  ration  with  normal  supply  of  fat  at  first  which 
was  gradually  increased  to  1.4  lbs.  daily,  then  gradually  restored 
to  the  normal;  Cow  2  fed  the  herd  ration  having  a  nutritive 
ratio  about  1:5.6.  These  rations  were  quite  varied  in  character 
and  contained  some  fat-extracted  foods;  yet  showed  a  quite 
uniform  digestibility  of  about  70  per  ct.  of  the  dry  matter.  It 
is  believed  that  this  figure  represents  fairly  the  digestibility  of 
rations  made  up  in  part  of  silage  and  containing  a  fair  propor- 
tion of  high  class  grains.  A  widening  of  the  nutritive  ratios 
appeared  to  render  rations  less  digestible,  especially  the  pro- 
tein. The  marked  changes  in  protein  content  and  in  fat  content 
of  rations  did  not  produce  noticeable  changes  in  the  character 
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or  composition  of  the  milk.  In  the  former  test,  dnring  59  days, 
18.4  lbs.  of  fat  was  formed  in  the  milk  which  could  not  have  had 
its  source  in  food  fat  or  food  protein  and  could  hardly  have 
been  drawn  from  the  cow's  body  fat  as  she  increased  in  weight 
33  lbs.  in  the  same  time.  In  this  test  Cow  12  in  74  days  pro- 
duced 39  lbs.  of  fat  similarly  unaccounted  for,  with  a  body  gain 
of  15  lbs.;  and  Ck)w  2,  in  4  days,  1^  lbs.  These  amounts  of  fat 
must  have  come  from  the  carbohydrates  in  the  food. 

A  lessening  of  protein  supply  in  the  food  did  not  produce  a 
corresponding  decrease  of  protein  in  the  milk  solids,  but  caused 
a  marked  lessening  of  protein  decomposition  in  the  body. 
Calorimeter  determinations  show  that  the  heat  value  of  urine 
bears  no  constant  relation  to  its  nitrogen  content,  and  also 
prove  that  the  formula  used  in  computing  heat  energy  of  urine, 
Nx5.343  Cal.,  is  greatly  in  error,  actual  results  being  from  3  to 
4  times  as  large  as  calculated  by  this  formula.  The  energy 
values  of  nutrients  as  given  by  Rubner, — ^protein  and  carbohy- 
drates each  4.1  Cal.  and  fats  9.3  Cal.  appear  to  be  fully  high 
enough  for  herbivora,  even  when  the  loss  due  to  escape  of 
unoxidized  gases,  methane  chiefly,  is  not  considered. 

Over  49  per  ct.  of  the  available  energy  value  of  the  rations 
was  used  for  maintenance,  over  30  per  ct.  reappeared  in  the 
milk  solids,  leaving  a  balance  of  from  one-fifth  to  one-fourth  of 
the  ration.  The  logical  conclusion  is  that  this  balance,  in  part 
at  least,  sustains  the  work  of  milk;  secretion, 

INTRODUCTION. 

Bulletin  No.  132  of  the  New  York  Agricultural  Experiment 
Station  presented  the  results  of  an  experiment  to  determine  the 
sources  of  milk  fat  as  related  to  the  food  supply.  The  main  con- 
elusion  therein  stated  was  that  milk  fat  can  be  formed  in  part, 
at  least,  from  carbohydrates,  the  data  of  the  experiment  point- 
ing to  this  conclusion  in  a  most  convincing  way.  It  was  felt, 
however,  that  so  impoitant  a  generalization,  if  correct,  should 
be  8npi)orted  by  results  soourod  with  more  than  one  animal. 
An  opportunity  was  d'sin^d  also  for  enlarging  the  scope  of  the 
observations.     Ex!K^ii-;.('tits   have   been   conducted,  therefore, 
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with  three  other  cows  and  the  data  thus  obtained  not  only  fur- 
nish additional  evidence  concerning  the  main  question  of  the 
Boarce  of  milk  fat  but  have  been  used  in  studying  other  ques- 
tions relating  to  the  metabolism  of  the  milch  cow.  The  publica- 
tion of  the  results  secured  has  been  much  delayed,  largely 
because  of  the  great  amount  of  work  involved  in  the 
investigations. 

THE  PLAN,  MATERIALS  AND  PROCEDURE  OP  THE 
EXPERIMENTS. 

THE?  F0RME7R  BXPBRIMBfNT. 

In  the  experiment  previously  reported  the  cow  was  fed  a  nor- 
mal ration  for  a  time;  then,  for  95  days,  she  was  given  foods 
that,  because  of  extraction,  contained  very  small  proportions  of 
ether  extract. 

During  66  days  the  solid  and  liquid  excreta  were  collected  for 
analysis  and  daily  analyses  of  the  milk  were  made  for  a  longer 
period.  The  quantity  of  the  ration  and  the  nutritive  ratio  were 
varied  in  a  way  calculated  to  show  the  influence  of  the  protein 
supply  upon  fat  secretion.  The  experiment  was  so  planned  as  to 
make  it  impossible  for  the  milk  fat  to  have  its. source  wholly  in 
the  protein  and  ether  extract  of  the  food  and  so  long  continued 
that  any  material  draft  upon  the  body  of  the  cow  for  milk  pro- 
duction would  produce  a  marked  change  in  the  condition  and 
weight  of  the  animal.    (For  details  see  Bulletin  132.) 

THD  NEW   BXPDRIMBNTB. 

The  later  experiments  involved  the  use  of  three  cows  quito 
unlike  in  their  characteristics  and  productive  capacity,  each  of 
which  received  a  ration  distinctly  different  from  the  rations 
given  the  other  two. 

(1)  Cow  12,  a  grade  Shorthorn  weighing  about  1,200  pounds^ 
fresh  in  milk  at  the  beginning  of  the  experiment  and  not  preg- 
nant, was  fed  for  88  days  a  ration  containing  little  ether  extract, 
the  nutritive  ratio  being  very  gradually  varied  from  narrow  to 
wide  and  back  again,  the  total  quantity  of  digestible  dry  matter 
consumed  daily  being  nuiintainod  at  a  fairly  uniform  quantity. 
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A  record  of  the  amount  and  composition  of  the  food,  milk  and 
excreta  was  kept  for  74  days. 

(2)  Cow  10,  a  grade  «tersey  weighing  about  750  pounds,  fresh 
in  milk  at  first  and  not  pregnant,  was  fed  a  mixture  of  normal 
feeding  stuffs  for  68  days,  the  fat  in  which  was  varied  from  a 
proportion  fully  as  large  as  is  ever  found  in  practice  to  a  quan- 
tity somewhat  excessive,  the  daily  supply  of  digestible  matter 
remaining  quite  constant.  A  record  of  the  amount  and  com- 
position of  the  food,  milk  and  excreta  was  kept  for  54  days. 

(3)  Cow  2,  a  full  blood  Jersey,  of  very  large  productive 
capacity  and  in  full  milk  flow,  weighing  about  780  pounds,  was 
fed  the  usual  herd  ration.  The  amount  of  food  was  accurately 
weighed  for  20  days  and  the  milk  and  excreta  were  weighed  and 
analyzed  for  the  last  four. 

THE  FOODS. 

The  feeding  stuffs  used  in  these  experiments,  some  of  them 
normal  and  some  having  been  submitted  to  a  petroleum  extrac- 
tion, had  the  following  composition: 

Composition  of  Feeding  Stuffs. 

Fat 
Labw  Water.        Ash.        NItro-       Pro-  (Prtruleum 

Na  gen.       telnA  extract.) 

Peret.     Ptret.       Fwct,      Peret.  Bgr  et. 

712  Mixed  hay,  CJow  10 14.5      6.36      1.62    10.12  1.36 

717  Alfalfa  hay,  Cows  2  and  12. .     16.66    6.92      2.39    14.94  1.44 
716     Oat  straw,  Cow  12 10.75     5.27      0.33      2.06  1.44 

713  Com  meal,  Cow  10 22.12    1.28      1.24      7.75  2.27 

736  Corn  meal.  Cow  10 20.26    1.55      1.35      8.44  1.57 

720  Corn  meal,  extracted,  Cow  12    12.36    1.16      1.56      9.75  0.37 

740  Corn  meal,  extracted.  Cow  12  11.65  1.14  1.53  9.56  0.37 

718  Rice  meal,  Cow  12 12.67  0.31  1.53  9.18  0.11 

719  Rice  meal.  Cow  12 11.87  0.34  1.53  9.18  0.0?) 

727  Rice  meal.  Cow  12 13.45  0.60  1.13  6.78  0.31 

741  Rice  meal.  Cow  12 12.79    0.38      1.50      9.00  0.08 

721  Oats,  extracted,  Cow  12 11.18    3.06      2.20     13.20  0.79 

739    Oats,  extracted.  Cow  12 12.67    2.98      2.         12.  0.71 

745  Wheat  bran,  Cow  2 11.21     1.29      2.44     13.91  4.33 

746  Malt  sprouts,  Cow  2 10.46    5.38      4.22    25.32  1.67 

714  Linseed  meal.  Cow  10 7.65    4.75      5.96    32.78  6.71 

737  Linseed  meal.  Cow  10 9.48    4.78      5.84    32.12  7.07 

747  Linseed  meal,  Cow  2 9.52    4.64      5.85    32.17  6.94 

715  Flaxseed,  ground,  Cow  10. . .       9.75    2.91      3.34     18.37  37.20 

738  Flaxseed,  frround,  Cow  10...       4.04    3.00      3.42     18.81  38. R4 

722  Wheat  gluten.  Cow  12 7.16    0.83     13.08    75.54  0.71 

723  Wheat  gluten.  Cow  12 9.10    0.43     12.64    71.01  6. .53 

742  Wheat  gluten,  Cow  12 6.88    0.72    12.80    72.96  0.94 

Sugar  beetst 

*Wlth  hay,  oat  straw  and  corn  moal.  protoln  -  K  x  6  35 ;  with  rice  meal,  oats  and  malt  upronri*. 
protein  >  N  z«;  with  wheat,  bran  and  wheat  gluten,  protein  «  Nx&ts  with  llnaeed  me«l  and 
ground  flaxseed,  protein  «  N  x  5.5. 

t  Dnlly  analyses  of  suRar  beets  were  mtide. 
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THE  RATIONS. 

Cow  12. — ^The  daily  ration  of  this  animal  as  established  at  first 

was  as  follows: 

Ration  of  Cow  12. 

Alfalfa  hay 6     lbs.  Rice  meal 8%  lbs. 

Oat  straw 8     lbs.  Oats  (extracted)  3     lbs. 

Sugar  beets   27     lbs.  Com  meal  (extracted) 2     lbs. 

Wheat  gluten 1%  lbs. 

After  three  weeks,  including  one  week  of  preliminary  feeding, 
the  wheat  gluten  was  diminished  one  ounce  per  day  and  the  rice 
meal  was  increased  by  a  like  amount.  This  change  was  con- 
tinued until  no  wheat  gluten  was  fed.  After  seven  days  of 
absence  of  wheat  gluten  from  the  ration  it  was  again  intro- 
duced, one  ounce  the  first  day,  two  ounces  the  second  and  so  on, 
the  rice  meal  being  diminished  to  the  same  extent  until  the 
original  ration  was  reached.  The  feeding  was  then  continued 
on  this'  basis.  It  should  be  said  that  a  uniform  addition  of  J 
pound  of  rice  meal  was  made  to  the  ration  at  the  end  of  the 
first  month's  feeding. 

This  method  of  varying  the  ration  allowed  a  very  gradual 
change  in  the  protein  supply  in  both  directions  with  no  lessen- 
ing of  the  supply  of  digestible  organic  matter,  thus  making  it 
possible  to  study  the  relation  of  protein  to  milk  secretion  with- 
out the  disturbing  influence  of  sudden  changes  in  the  character 
of  the  ration  or  of  a  deficiency  of  carbohydrates. 

Cow  10. — ^The  basal  ration  of  this  cow  consisted   wholly   of 

normal  foods  and  was  designed  to  supply  a  generous  amount  of 

vegetable  oils. 

Ration  of  Cow  10. 

Mixed  hay  «...  12 lbs.    Linseed  meal 2 lbs. 

Sugar  beets  27  lbs.     Ground  flaxseed 1  lb. 

Corn  .meal 4  lbs. 

The  ether  extract  in  this  ration  at  first  was  about  .8  lb.  per 
day  and  it  was  maintained  at  this  amount  for  about  one  month 
when  it  was  gradually  increased  by  a  substitution  of  ground 
flaxseed  for  a  like  quantity  of  linseed  meal  at  the  rate  of  \  lb. 
per  day  until  the  ether  extract  ingested  daily  was  1.4  lbs, 
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After  feeding  at  this  rate  for  a  week  the  fat  was  diminished  at 
the  same  rate  as  it  had  been  increased  by  gradually  substitut- 
ing rice  meal  and  extracted  corn  meal  for  normal  corn  meal 
and  the  ground  flaxseed.  The  purpose  of  these  changes  was  to 
note  the  effect  of  the  supply  of  fat  upon  milk  secretion  and  pro- 
tein exchange. 

Cow  2. — This  cow,  whose  rate  of  yield  was  over  2  lbs.  of  but- 
ter per  day,  was  fed  essentially  the  same  mixture  as  was  given 
to  the  whole  Station  herd. 

Ration  of  Cow  2. 

Alfalfa  hay   61bs.   Wheat  bran  4%lb8. 

Corn  silage 40  lbs.   Malt  sprouts 2^4  lbs. 

Sugar  beets  10  lbs.   Linseed  meal 2%  lbs. 

This  ration  was  accurately  weighed  f  rona  March  29th  to  April 
18th  inclusive,  and  during  the  last  four  days  of  this  time  the 
necessary  observations  were  made  in  the  collection  of  excreta 
and  weighing  of  milk. 

The  quantities  of  each  constituent  of  the  rations  which  were 
consumed  during  the  various  periods,  expressed  in  grams  and 
so  arranged  as  to  easily  trace  the  changes,  are  shown  in  the 
succeeding  table: 
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me3th0ds  of  sampling  and  analysis. 

The  rations  were  weighed  out  at  aeveral  different  times  during 
the  course  of  the  experiment,  and  each  time  this  was  done 
samples  were  taken  of  the  various  foods. 

The  milk,  urine  and  feces  were  taken  directly  to  the  labora- 
tory and  immediately  weighed  and  sampled,  excepting  that  the 
night's  milk  was  kept  in  an  ice  box  until  morning,  when  it  was 
mixed  with  the  morning's  milk  and  a  sample  was  then  drawn 
from  the  mixture.  The  feces  were  thoroughly  stirred  and 
samples  (4  lbs.)  of  the  fresh  material  were  taken  for  drying. 
These  samples  were  dried  oyer  steam  coils  at  a  temperature 
ture  not  exceeding  60°  C. 

In  general  the  methods  of  the  A.  O.  A.  C.  were  followed  in 
the  analyses,  the  only  exception  being  that  petroleum  ether  was 
used  instead  of  sulphuric  ether  in  extracting  the  fats  from  the 
foods  and  feces.     (See  Bulletin  132.) 

Nitrogen  was  determined  directly  in  fresh  samples  of  the 
urine  and  feces.  The  drying  of  the  feces  at  a  temperature  vary- 
ing from  50°  to  60°  C.  caused  a  material  loss  of  nitrogen,  as 
previous  results  clearly  show.     (See  Bulletin  132.) 

THE  RESULTS  OF  THE  EXPERIMENTS. 

The  results  of  these  experiments  are  presented  without  a  full 
statement  of  the  data  involved. 

The  omissions  are  the  daily  weights  and  daily  composition  of 
the  feces,  urine  and  milk,  the  figures  for  which  would  occupy 
many  pages  and  would  be  of  use  only  to  those  who  wish  to 
study  the  data  from  some  standpoint  not  considered  by  the 
authors. 

The  points  that  will  be  discussed  are  the  following: 

(1)  The  digestibility  of  the  rations,  with  some  reference  to 
the  influence  upon  digestibility  of  the  proportions  of  nutrients 
in  the  case  of  Cow  12. 

(2)  The  influence  of  the  composition  of  the  ration  upon  tbe 
quantity  and  composition  of  the  milk  and  upon  the  composition 
of  the  milk  fat. 
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(3)  The  source  of  milk  fat  and  the  relation  of  milk  fat  forma- 
tion (a)  to  protein  exchange  and  (b)  to  the  supply  of  food  fat. 

(4)  The  metabolism  of  nutrients  as  affected  by  the  composi- 
tion of  the  ration. 

(5)  The  energy  value  of  the  digestible  portion  of  a  ration. 

(6)  The  distribution  of  the  food  energy  in  maintaining  a  milch 
cow. 

the  digestibility  op  the  rations. 

The  figures  which  immediately  follow  show  the  extent  to 
which  the  rations  were  digested. 


Prouia.     CJrSgif- 


Digestibility  of  Rations. 

Dry  nab-  Organic  *,i 

•canoe.  matter.  ^^ 

Cow  12,  during  1st        Qrama,  Oram$,  Qranu.        Oram*.        Oraau. 

period,   7    days 
(Jan.  30-Feb.  6) 

In  foods 90985.1  86594.5  4390.6    12371.9    73340 

In  feces 27698.6  248W.7  2803.9      4210.6    199S1.8 

Digested  63286.5  61699.8  1586.7      8161.3    53358.2 

Percentage    di- 
gested           69;6  71.3  36.1          66.0          72.8 

Eaten  dally, lbs.          19.9  19.4  0.5           2.6          16.8 

NutrltlTe  ratio  1:6.5 
Cow  12,  during  2d 
period,   7    days 
(Feb.  19  to  26). 

In  foods 92657.8  88259.6  4398.2    11261.9    76105.2 

In  feces 28528.1  25935.1  2593.0      4409.4    20850.1 

Digested 64129.7  62324.5  1805.2      6852.5    55255.1 

Percentage    di- 
gested           69.2  70.6  41.0          60.9          72.6 

Eaten  daily, lbs.         20.2  19.6  0.6            2.2          17.4 

NutritlTC  ratio  1:8.0 
Cow  12,  during  3d 
period,  8    days 
March  8  to  16). 

In  foods 105344.1  100308.7  5035.4    10538.1    88776.6 

In  feces 34509.2  31587.6  2921.6      4774.4    26077.7 

Digested 70834.9  68721.1  2113.8      5763.7    62698.9 

Percentage    di- 
gested           67.2  68.5  42.0          54.7          70.6 

Eaten  daily, lbs.          19.5  18.9  0.6           1.6          17.3 

Nutritive  ratio  1:10.9 


Ether 

extract. 

OratM. 


882.6 
702.3 

180.3 

20.4 
0.06 


892.5 
675.6 

216.9 

24.3 

0.05 


9^.0 
735.5 

258.5 

26.0 
0.07 
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Dryrab* 
Btaiio0» 
Cow  10,  period   10     Gfram«. 

days  (Feb.  4tli- 
14th). 

In  food 102388.6 

In  feces 28023.8 

Digested 74365.2 

Percentage    di- 
gested   72.6 

Katen  daily, lbs.  16.4 

Cow   2,    period   4 
days  (April 
14th-18th). 

In  food 48546.0 

In  feces 15128.5 

Digested 33417.5 

Percentage    di- 
gested   68.8 

Eaten  daily.lbs.  18.4 


matter.  *"* 


Protein. 
Qratn9, 


Carbotay^  Ether 

dratea.  eztraol 

GratM,  OramM. 


96887.2    6501.8    13178.7    80078.0    3630.6 
25473.1     2550.2      5114.4     19632.3      726.4 


71414.1     2951.1 

8064.3 

60445.7 

2904.1 

73.7        53.6 

61.2 

75.5 

80.0 

15.7          0.7 

1.8 

13.3 

0.6 

Nutritive  ratio  1:7.5 

46284.2    2261.8 

7768.1 

86982.2 

1533.9 

13730.5    1398.0 

2424.5 

11275.9 

30.1 

82553.7      863.8      5343.6  25706.3  1503.8 

70.3        38.2          68.8  69.5  98.0 

17.9          0.5            2.9  14.2  0.8 
Nutritive  ratio  1:5.6 


The  several  rations  fed  to  these  cows  exhibit  a  somewhat  note- 
worthy similarity  of  digestibility.  It  appears  from  these  and 
other  observations  that  when  a  ration  is  made  in  part  of  silage 
and  contains  a  moderately  large  proportion  of  the  high  class 
grains  not  far  from  70  per  ct.  of  the  dry  matter  is  digested. 

In  the  case  Cow  12  an  opportunity  is  given  to  note  the 
influence  upon  digestibility  of  varying  the  proportion  of  nutri- 
ents. 

The  data  which  it  is  essential  to  consider  are  the  following: 


Effect  of  Vabying  PaopoiiTiONs  of  Nutbients  on  Digestibility. 


Period. 


Jan.  30  to  Feb.  6.. 


CHANGES  IN  FOOD. 


*«i..  -7- 


IV2  lbs.  wheat 
gluten  fed . 

Feb.  19  to  26 Wheat  gluten 

partly  re- 
placed by 
rice  meal . . 

Mar.  8  to  16 Wheat  gluten 

wholly  re- 
placed by 


matter 
eat^Q 
dally. 

Lba, 
19.4 


19.6 


fiein  eaten 
daily. 

LbB. 

2.G 


Niitrl- 
tlve 
ratio. 


1:6.5 


Per  ct. 

71.3 


2.2        1:8.0      70.6 


66.0 


60.9 


rice  meal..     18.9        1.6        1:10.9      68.5        64.7 
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Much  stress  has  been  laid  in  the  past  upon  the  necessity  of 
avoiding  too  wide  a  nutritive  ratio,  that  is,  too  large  a  propor- 
tion of  carbohydrates,  because  of  a  depression  of  the  digestibil- 
ity of  the  ration,  especially  of  the  protein.  In  the  case  under 
consideration  there  appears  to  be  a  gradual  decrease  in  the  pro- 
portion of  total  organic  matter  digested  from  the  first  to  the 
third  periods,  and  it  is  logical  to  conclude  that  this  was  caused 
by  a  widening  of  the  nutritive  ratio,  because  other  conditions 
remained  the  same.  The  protein  is  also  apparently  consider- 
ably less  digestible  after  the  withdrawal  of  the  wheat  gluten. 
This  is  due  in  part  at  least  to  the  high  rate  of  digestibility  of 
the  protein  in  wheat  gluten  as  compared  with  that  in  other  parts 
of  the  ration.  Moreover,  under  these  conditions  the  presence 
of  certain  metabolic  products  would  cause  an  apparent  rather 
than  a  real  decrease  in  digestibility.  The  extent  of  the  influence 
of  an  increase  in  the  proportion  of  carbohydrates  cannot  be 
seen  clearly  in  this  instance,  although  the  evidence  in  favor  of 
a  depression  of  digestibility  is  as  valid  as  that  from  which 
former  conclusions  have  been  drawn. 

The  foregoing  figures  make  it  plain  that  the  several  rations 
furnished  abundant  and  not  unusual  nutrition  to  the  cows  eat- 
ing them,  excepting,  of  course,  the  very  small  amount  of  fat 
supplied  to  Cow  12  and  the  abnormal  supply  of  fat  in  the  ration 
of  Cow  10  for  a  short  period. 

THE   INFLUBNCB    OF   THD    OOMPOSITrON    OP  THD    RATION    UPON    THE 
QUANTITY  AND   COMPOSITION   OF  THB  MILK  AND  MILK  FAT. 

Before  discussing  the  questions  to  which  these  investigations 
have  more  especial  reference,  it  is  important  to  inquire  whether 
the  quantity  and  character  of  the  cow's  product  were  in  any- 
way modified  by  the  unusual  character  or  variations  of  the 
rations. 

This  inquiry  is  all  the  more  pertinent  because  of  the  prevail- 
ing notion,  not  yet  justified  by  any  researches  whatever,  that 
the  composition  of  the  ration  determines  to  a  large  extent  the 
character  and  composition  of  the  milk. 
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Effect  of  Variations  in  Ration  upon  the  Milk. 
Cow  12.  Variations  in  Protein  Supply. 

Milk  Solids  Fftt 

Period.                                      CHANGES  IN  RATION.                     yield  in  in 

dally.  milk.  milk. 

Jan.  30  to  Feb.  6...  Maximum    protein    fed    (2.6   lbs.    Lb».  Ptrct.  p^et. 

daily)   35.1  12.92  3.72 

Feb.  6  to  16 Maximum  protein  fed 32.2  13.04  3.68 

Feb.  16  to  26 Protein      diminishing,      carbohy- 
drates increasing 30.1  13.36  3.92 

Feb.  26  to  Mar.  8..,  Protein  still  diminishing,    carbo- 
hydrates still  increasing 28.4  13.37  3.87 

Mar.  8  to  18 Protein    at    minimum     (1.6    lbs. 

daily) 26.0  13.47  4.01 

Mar.  18  to  28 Protein  Increasing,  carbohydrates 

diminishing 26.1  13.65  4.05 

Mar.  28  to  Apr.  7..  Protein    still    increasing,    carbo- 
hydrates still  diminishing 26.5  13.73  4.11 

Apr.  7  to  14 Protein    at    maximum    (2.6    lbs. 

daily) 26.1  13.78  4.08 

Cow  10.  yariations  in  Food  Fat  Siu)ply. 

Jan.  30  to  Feb.  6. . .  Normal    ration    (fat    fed    daily,    za». 

.8  lb.) 22.9 

Feb.  6  to  13 Ration  unchanged 22.8 

B>eb.  13  to  20 Ration  unchanged 22.8 

Feb.  20  to  27 Ration  unchanged 23.5 

Feb.  27  to  Mar.  6.. .  Food  fat  increasing 23.4 

Mar.  6  to  13 Food   fat  at   maximum   (1.4  lbs. 

daily)  23.7 

Mar.  13  to  20 Food  fat  diminishing ^4.6 

Thre  is  nothing  in  those  data  to  warrant  the  conclusion  that 
supplying  more  or  less  protein  or  more  or  less  fat  to  a  milch 
cow  causes  material  changes  in  the  milk.  In  the  case  of  Cow 
12  her  milk  suffered  a  gradual  and  quite  constant  increase  in  its 
proportion  of  solids  and  of  fat,  but  this  change  was  in  no  way 
disturbed  in  its  progress  by  the  fall  or  rise  in  the  proportion  of 
protein  in  the  food. 

With  Cow  10,  the  increase  of  the  food  fat  to  1.4  lbs.  daily,  a 
most  abnormal  quantity,  did  not  raise  the  milk  fat  above  what 
appeared  to  be  the  normal  proportion.  These  results  stand  in 
accord  with  the  outcome  of  many  other  carefully  conducted 
investigations. 

The  question  whether  entirely  normal  milk  fat  was  produced 
with  a  fat-free  ration,  or  nearly  so,  is  an  interesting  one.    The 
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only  evidence  which  these  experiments  supply  along  this  line 
was  obtained  by  the  partial  analysis  of  the  milk  fat  from  the 
cow  which  was  the  subject  of  the  experiments  detailed  in  Bul- 
letin 132.  In  this  experiment  the  cow  was  fed  a  normal  ration 
during  a  portion  of  the  time  she  was  under  observation,  so  that 
it  is  possible  to  compare  the  fat  produced  before  and  after  the 
food  fat  was  almost  entirely  withdrawn. 

Partial  Composition  of  Milk  with  Normal  and  Extracted  Foods. 


of  milk  fat. 

KIND  OF  ration. 

1 

Average 

daily 

yield 

milk  fat. 

LbM. 

.96 

Relchert 
number 

grama 
of  fat. 

April  19  to  26.... 

Normal  food. 

Food  fat  daily 

.63  1b 

16.3 

May  3  to  10 

Extracted  food. 

Food  fat  daily 

.125  lb... 

,      .74 

13.6 

May  10  to  17.... 

Extracted  food. 

Food  fat  dally 

.125  lb... 

.76 

14.1 

May  17  to  24.... 

Extracted  food. 

Food  fat  daily 

.125  1b..., 

.75 

14.1 

May  24  to  31 

Extracted  food. 

Food  fat  daily 

.125  lb..., 

.65 

14.5 

May  31  to  June  7 

Extracted  food. 

Food  fat  daily 

.125  lb..., 

.     .60 

14.9 

June  7  to  14 

Extracted  food. 

Food  fat  dally 

.125  1b... 

,     .60 

14.9 

The  Reichert  number  shows  the  relative  proportion  of  volatile 
acids  in  milk  fat.  As  an  unmistakable  and  permanent  drop 
occurred  in  this  number  immediately  following  the  substitution 
of  the  fat-poor  ration  for  the  normal,  it  is  fair  to  attribute  to  the 
food  fat  some  influence  upon  the  milk  fat,  though  a  single 
observation  of  this  kind  should  not  be  taken  as  conclusive  evi- 
dence. At  the  same  time,  the  milk  fat  produced  while  the 
extracted  foods  were  being  fed  contained  a  proportion  of  vola- 
tile acids  larger  than  often  found  with  normal  rations.  That 
the  glycerides  of  these  acids  were  formed  in  the  cow  and  were 
not  derived  as  such  from  the  food  is  so  evident  as  to  render  dis- 
cussion unnecessary. 

THE  SOURCE  OF  MILK  PAT. 

The  main  question  involved  in  this  investigation  is  the  source 
of  milk  fat.  The  importance  of  the  question  and  the  reasons 
why  it  seemed  to  demand  further  investigation  are  set  fo»*th  in 
Bulletin  132.  It  is  sufficient  to  state  in  this  connection  that  the 
inquiry  is  concerned  with  the  relation  of  the  several  nutrients  to 
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milk  fat  secretion,  whether  this  fat  is  derived  wholly  from  fats 
previously  formed  in  the  plant  or  from  protein,  or  whether  car- 
bohydrates may  support  its  formation  either  directly  or  through 
the  previous  formation  of  body  fat. 

The  tables  which  immediately  follow  give  the  daily  nitr^  n 
and  fat  balance  for  the  three  cows.  From  these  tables  various 
summaries  are  derived  which  show  the  bearing  of  the  evidence 
secured. 
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The  next  table  summarizes  the  results  of  the  entire  periods 
during  which  exact  observations  were  made,  and  expresses 
numerically  the  necessary  conclusions  from  these  investigations 
as  to  the  formation  of  milk  fat. 

Relation  of  Milk  Fat  to  Food  Fat  and  Protein. 

Fat  not 
accouat- 
Fat     Theoret-  ed  for       Gain  In 

Days  of  digested  leal  fat    Fat  In       from  weight 

expt*       from      from      milk,     food  fat     of  cow.* 
food,     protein.  and  pro- 

tein. 
IbM,         Lb».       Lb9.  Lbt,  Lbs. 

Grade  Jersey,  fat-poor  ratlont.  59        3.3  17.1    38.8      18.4  33 

CJow  12,  fat-poor  ration 74        4.8  39.2    83          39  15 

Cow  2,  normal  herd  ration 4        3.37  2. CI    7.23      1.25  — 

Cow  10,  fat-rich  ration 42  33.1  18.5    45.5    —6.1  18 

*  Based  upon  aTerage  of  ten  days  weighings, 
t  Prom  BaL  133,  N.  Y.  A.gl.  Bxpt.  Station. 

Some  of  the  figures  given  are  based  upon  assumptions  for 
which  there  is*little  or  no  justification,  but  which  certainly  safe- 
guard drawing  unwarranted  conclusions  as  to  the  possible  pro- 
duction of  milk  fat  from  carbohydrates. 

It  is  assumed  that  the  digested  food  fat  (ether  extract)  may 
be  the  source  of  an  equivalent  quantity  of  milk  fat,  but  when 
we  consider  that  ether  extract  is  not  wholly  fat  or  oil,  and  that 
the  glycerides  of  milk  differ  widely  in  kinds  and  proportions 
from  the  fatty  compounds  of  the  plant,  we  see  how  unwarranted 
such  an  assumption  is.  Again,  the  fat  factor  of  protein  is  t^ken 
as  51.4,  this  being  the  maximum  proportion  based  upon  a  theo- 
retical rearrangement  of  atoms,  of  the  actual  accomplishment 
of  which  we  have  no  assurance.  For  these  reasons  the  excess 
of  milk  fat  as  given,  over  and  above  that  possibly  derived  from 
the  food  protein  and  fats,  is  quite  probably  considerably  more 
than  is  stated.  But  even  as  the  figures  stand  they  are  certainly 
convincing.  It  is  not  possible  to  avoid  the  conclusion  that  car- 
bohydrates serve  as  at  least  a  partial  source  of  the  milk  fat. 

With  all  four  cows  the  ether  extract  was  insufficient  for  sup- 
plying the  milk  fat  to  the  extent  of  the  following  daily  quan- 
tities, even  allowing  the  absurd  assumption  that  ether  extract 
is  all  convertible  into  milk  fat. 

Grade  Jersey,  fat-poor  ration 60  lbs. 

Cow  12,  fat-poor  ration 1.06  lbs. 

Cow  2,  normal  herd  ration 96  lbs. 

Cow  10,  fat-rich  ration ^ 30  lbs. 
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The  milk  fat  could  not  come  wholly  from  protein,  taking  the 
urine  nitrogen  to  be  the  measure  of  the  protein  broken  down,  as 
we  necessarily  must.  Neither  could  the  combined  effect  of  both 
food  fat  and  decomposed  protein  account  for  all  the  milk  fat, 
the  deficit  in  the  case  of  three  cows  being  large. 

We  are  now  confined  to  the  alternatives  of  concluding  either 
that  previously  formed  body  fat  w^as  drawn  upon  to  supply  the 
milk  fat  or  that  the  carbohydrates  were  utilized  for  this  pur- 
pose. The  increased  weight  of  two  of  the  cows,  and  their  gen- 
erally improved  condition  during  the  experiments,  preclude  the 
conclusion  that  18.4  lbs.  and  39  lbs.,'  respectively,  of  pure  fat 
could  have  been  withdrawn  from  their  bodies.  Such  a  result 
would  have  produced  a  marked  change  in  condition  and  an 
appreciable  diminution  of  weight.  The  case  of  Cow  2  is 
especially  noteworthy.  This  was  an  undersized  cow,  thin  in 
flesh  at  the  birth  of  her  calf,  whose  butter  fat  yield  before, 
during  and  after  the  experiment  was  above  12  lbs.  per  week,  and 
it  did  not  fall  below  10  lbs.  for  some  time,  so  that  her  butter 
production  in  a  year  was  not  less  than  500  lbs.  During  her 
largest  flow  of  milk  at  least  one-sixth  of  her  fat  product  could 
not  have  been  supplied  from  the  normal  herd  ration  she  was 
eating,  without  drawing  upon  the  carbohydrates.  To  assume 
that  her  small  store  of  previously  acquired  body  fat  was  drawn 
upon  to  the  extent  of  this  deflcit  would  be  the  height  of 
absurdity.  Cow  12,  eating  a  fat-poor  ration,  produced  39  lbs. 
of  milk  fat  more  than  the  ration  could  supply  independently  of 
the  carbohydrates,  and  to  all  appearances  she  could  have  kept 
on  for  a  year  secreting  normal  milk  from  the  ration  she  received. 
May  we  not  finally  conclude,  then,  that  carbohydrates  may  be  a 
source  of  milk  fat? 

RELATION  OF   PROTEIN   EXCHANGE  TO   MILK   PRODUCTION. 

The  relation  of  protein  metabolism  to  the  production  of  milk 
is  interesting  and  important.  It  is  recogxiized,  of  course,  that 
there  is  a  positive  demand  for  protein  in  the  secretion  of  milk 
solids,  and  it  is  not  diflScult  to  calculate  the  probable  extent  of 
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this  demand  in  a  given  case.  For  instance,  during  her  maximum 
production  the  milk  of  Cow  12  contained  about  1.12  lbs.  of  pro- 
tein (N  X  6.25)  daily.  The  cow  was  eating  each  day  2.6  lbs.  of 
digestible  protein.  The  real  question  is,  What  is  the  function 
of  the  protein  remaining  after  deducting  the  milk  protein  from 
the  total  amount  eaten,  or  in  this  case,  1.48  lbs.?  An  examina- 
tion of  the  figures  for  urine  nitrogen  shows  that  the  larger  part 
of  this  balance,  or  1.2  lbs.,  was  not  stored  but  was  broken  down 
into  simpler  compounds  and  so  destroyed.  Does  this  metabolic 
change  bear  any  fixed  relation  to  the  milk  solids  or  milk  fat 
secreted?  The  data  of  these  experiments  indicate  a  negatire 
answer  to  this  question. 
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The  foregoing  figures  make  it  plain  that  the  excess  of  diges- 
tible protein  in  the  ration  over  and  above  that  needed  for  the 
milk,  rather  than  any  demand  for  milk  secretion,  largely  deter- 
mines the  extent  to  which  protein  suffers  destructive  changes. 
In  the  case  of  the  grade  Jersey  the  dgily  protein  supply  was 
gradually  diminished  from  1.8  lbs.  to  .9  lb.  and  with  Cow  12 
from  2.6  lbs.  to  1.6  lbs.  The  most  marked  result  was  to  depress 
the  daily  protein  decomposition  from  .86  lb.  to  .46  lb.  in  one  case 
and  from  1.2  lbs.  to  .60  lb.  in  the  other  case.  When  the  food 
protein  was  increased  to  the  original  quantity  the  reverse  process 
took  place.  While  the  protein  utilized  for  milk  secretion  was 
somewhat  lessened  when  the  food  protein  was  decreased,  the 
depression  of  milk  yield  was  not  at  all  commensurate  with  the 
drop  in  the  digested  protein.  Tliis  accommodation  of  the  cow's 
metabolic  process  to  a  diminished  protein  supply  mostly  by  a 
decrease  in  protein  decomposition  rather  than  wholly  by  depress- 
ing the  milk  production,  indicates  what  the  writer  has  previously 
suggested,  that  protein  exchange  outside  the  formation  of  the 
nitrogen  compounds  of  the  milk  has  no  constructive  function  and 
that  so  large  a  quantity  of  protein  as  2.5  lbs.  daily  for  the  aver- 
age cow  is  justified  only  on  the  theory  that  the  balance  above 
what  is  really  utilized  in  the  milk  and  what  would  be  required 
for  maintenance  in  a  non-producing  animal  acts  to  stimulate 
milk  secretion  rather  than  to  support  it.  These  comments  are 
not  to  be  taken  as  implying  that  a  liberal  supply  of  protein  is  not 
promotive  of  generous  milk  secretion. 

A  view  unsupported  by  valid  evidence,  which  has  been  more 
or  less  current  and  has  been  to  some  extent  accepted  in  a  pop- 
ular way,  is  that  the  fat  supply  in  the  food  modifies  butter  fat 
formation  to  an  important  extent.  It  is  already  shown  in  the 
context  that  with  Cow  10  a  large  increase  in  the  food  fat  did  not 
affect  the  proportion  of  fat  in  the  milk  or  the  amount  secreted. 
No  inquiry  was  made  as  to  whether  the  constitution  of  the  but- 
ter fat  mixture  was  in  any  way  affected. 
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As  before  stated,  the  main  object  of  these  experiments  was  to 
study  the  food  sources  of  milk  fat.  The  complete  record  of  the 
foods  eaten,  of  the  excreta  and  of  the  milk  produced  for  so  long 
a  time,  and  the  collection  and  preservation  of  samples  of  all  of 
these,  enabled  us  to  study  with  advantage  certain  other  ques- 
tions related  to  animal  nutrition.  Attention  was  given  chiefly 
to  energy  values  and  relations,  although  an  unsuccessful 
attempt  was  made  to  study  sulphur  metabolism. 

The  plan  of  work  was  the  usual  one,  and  the  only  one  possible 
without  the  aid  of  the  respiration  calorimeter,  viz:  the  deter- 
mination in  a  calorimeter  (Berthelot-Atwater)  of  the  heats  of 
combustion  of  the  foods,  milk  and  excreta  of  two  cows  during 
several  periods  of  time.  The  data  thus  secured  have  made  pos- 
sible a  calculation  of  energy  values  and  uses,  the  figures  from 
which  are  not  without  interest. 

Methods, — Daily  samples  of  the  fresh  foods,  excreta  and  milk 
were  selected  with  great  care.  The  samples  of  fresh  foods  and 
feces  were  dried  down  over  steam  coils  at  a  temperature  of 
about  60*^  C.  The  urine  and  milk  samples  to  which  formalde- 
hyde had  been  added  were  stored  in  tightly  closed  fruit-jars,  and 
in  this  condition  remained  apparently  unchanged  for  a  long  time. 
The  quantity  of  formaldehyde  used  was  about  2  c.c.  to  one  quart 
of  liquid. 

The  calorimeter  determinations  were  made  in  the  usual  way. 
Tlie  milk  and  urine  were  dried  down  in  the  capsules  in  which 
they  were  .burned.  The  urine  suffered  more  or  less  loss  oi 
nitrogen  during  the  drying.  Nitrogen  determinations  were  made 
in  samples  of  urine  before  and  after  dessication  and  the  amount 
of  nitrogen  lost  by  drying  was  assumed  to  come  wholly  from 
urea.  N  lost  x  5.343  Cal.  would  therefore  be  the  loss  of  energy 
due  to  drying  and  the  number  of  calories  thus  calculated  was 
applied  as  a  correction  to  the  calorimeter  determinations.  With 
those  samples  of  urine  which  had  suffered  no  fermentative 
changes  this  correction  was  in  many  instances  less  than  one 
small  calorie  per  gram  of  urine  and  never  much  over  two  small 
calories. 
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Heat  values. — Heat  or  energy  values  were  determined  for  three 
periodfl  with  Cow  12  and  for  one  period  with  Cow  10.  The 
detailed  data  are  voluminous  and  are  not  given  in  this  connec- 
tion. Great  care  has  been  given  to  the  various  calculations  and 
confidence  may  be  placed  in  the  mathematical  accuracy  of  the 
figures  presented  herewith. 

The  average  heat  values  found  for  one  gram  of  dry  matter  in 
the  feeding  stuffs  are  as  follows: 

Heat  Values  of  Feeding  Stuffs, 

CalorleB  per  gram. 
Kind  of  maUrlal.  dry  matter. 

Mixed  hay 4.494 

Alfalfa  hay 4.477 

Oat  straw 4.480 

Com  meal  (3  samples) 4.427 

Oats  (2  samples) 4.505 

Rice  meal  (4  samples) 4.400 

Linseed  meal 5.042 

Flaxseed  meal 6.539 

Wheat  gluten  (2  samples) 5.773 

Sugar  beets  (32  samples) 8 .  925 

The  quantities  of  nutrients,  total,  digestible  and  otherwise, 
fed  to  the  two  cows  during  several  periods  were  as  given  below: 

Nutrients  Consumed  by  the  Cowb. 

Total  Total  Total 

Total  dry         Dry  dIgMttble  d!«eatible  oarbotay- 

JLsnuh  AHD  PsBiODfl.                matter  matter  In  dry  orsanlc  drate« 

consumed,  thefecea.  matter.  matter.  digested. 

Orama,  Orama»  OramB,  Oranu,  OraniB. 
Cow  12, 
1st  Period,  Jan.  30  to  Feb. 

6,  7  days 90965.1  27698.6  63286.5  61699.8  53358.2 

2d  Period,  Feb.  19  to  26, 

7  days   92G57.8  28528.1  64129.7  62324.5  55255.1 

8d  Period,  Mar.  8  to  16, 8 

days 105344.1  34509.2  70834.9  68721.1  62698.9 

Cow  10. 

Feb.  4  to  14,  10  days....  102388.5  28023.3  74365.2  71414.1  60445.7 

The  above  quantities  combined  with  the  various  calorimetric 
determinations  form  the  main  data  from  which  the  energy  values 
and  relations  are  calculated.  It  should  be  stated  by  way  of 
explanation  that  the  loss  of  cfkiergy  from  the  escape  of  gases, 
chiefly  methane  (CHJ,  is  based  upon  the  results  of  numerous 
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obserTations  by  Kellner.*  He  found  the  average  loss  of  methane 
to  be  4.2  grams  per  100  grams  of  digested  carbohydrates.  As 
1  gram  of  methane  represents  13.246  Cal.,  this  energy  loss 
equals  55.633  Cal.  for  each  100  grams  of  digested  carbohydrates. 
The  data  showing  the  loss  of  energy  in  the  urine  present  some 
interesting  considerations.  In  the  first  place  they  add  to  the 
evidence  already  secured  by  Rubner,  Henneberg,  Kuhn  and 
Kellnerf  that  the  old  methods  of  calculating  urine  energy  on  the 
assumption  that  the  nitrogen  exists  wholly  as  urea  and  that  the 
amount  of  nitrogen  multiplied  by  5.343  Cal.  repesents  all  the 
urine  energy,  is  greatly  in  error.  The  figures  which  follow  make 
it  clear  that  the  heat  value  of  the  urine  solids  may  be  several 
times  that  resulting  from  the  old  method  of  calculation. 

Actual  Heat  Value  of  Urine  Compared  with  Calculated  Value. 

Cow  12.  Cow  10. 


Fir»t  perlod- 

Calcu- 

loergyaa        lated,  N 

detcp.           m  urlneX 

mined.           5^848  Cal. 

Second  period. 

Calca- 

Energy  as        lated,  N 

det«ri>          In  urlneX 

mined.          6.843  Cal. 

Third  period. 

Energy  as    Oaloniated, 
deU'T-         N  in  urine 
mined.     X  5.348  CaL 

Energy  aa 
deter- 
mined. 

Oalcnlated, 
N  In  urine 
X  5-843  Cal. 

COL 

CaL 

CaL 

OaL 

Cak 

CaL 

Cal. 

Cal. 

1585.6 

438.6 

1692.1 

486.9 

1466.3 

352.8 

1631.7 

455.9 

1616.3 

458 

1544.6 

410 

1480.2 

416.3 

1435 

344.6 

1704.1 

490.1 

1541.1 

417.9 

1371.6 

236.1 

1418 

346.2 

1682.8 

526.5 

1300.5 

227.4 

1454.9 

374.5 

1443.3 

389.7 

1294.6 

221 A 

1409.6 

348.4 

1801.2 

601.5 

1510.3 

887.1 

1327.3 

244.2 

1570 
1462 
1534.4 
1498.7 

378.8 
349.5 
378.8 
363. a 

.It  appears  that  the  actual  heat  value  of  the  urine  solids  was 
from  three  to  four  times  as  large  as  the  value  calculated  on  the 
basis  of  nitrogen  as  urea.  This  is  explained  by  the  fact  that  a 
variety  of  solids  exist  in  the  urine,  quite  a  percentage  of  which 
are  not  nitrogenous. 

It  is  also  evident  from  the  succeeding  figures  that  the  heat 
value  of  urine  bears  no  constant  relation  to  its  nitrogen  content. 


*Landw,  Vers,  Stat,  53:420. 

tSee  Zeit,  f.  Biol,  21;  250.    Neue  Beitrage,  &c.,  p.  119. 

Landio.  Vers.  Stat.,  44: 348,  404,  474,  529. 

Ibid.,  47:  283,  308. 

Also  Bui.  42,  Pa.  State  College  Expt.  Sta.,  pp.  148-150. 
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In  Period  1  with  Cow  12  the  amount  of  digested  protein  was 
large,  about  2.6  lbs.  daily,  and  in  Period  3  it  was  only  1.6  lbs. 
The  decrease  in  ingested  protein  caused  a  marked  decrease  in 
urine  nitrogen.  In  Period  1  the  heat  value  of  the  urine  waa 
equal  to  19.1  Cal.  for  each  gram  of  nitrogen  present,  and  in 
Period  3,  30.9  Cal.  This  simply  means  that  the  less  the  nitro- 
gen compounds  present,  the  larger  the  relative  quantity  of  other 
substances.  We  must  conclude,  then,  that  the  loss  of  energy  in 
urine  cannot  be  calculated  from  any  constant  factor  but  must  be 
determined  in  every  particular  case. 

OP   THE   NUTBIENTB  IN    SEVERAL    PERIODS. 

Calories  In 

Calories  In  digestible 

digestible  matter 

matter  minus  heat 

Total  Cal-                                                   minus  tbe  value  of 

cries  in  dry     Total  Oal-      Calories  In      heat  Tatne  ortne  and 

matter           orles  In        digestible          of  the  of  methane 

of  feces.            urine.            matt<er.            urine.  lost. 


HSAl 

Energy 

JPsrtOflUL 

Total  Cal- 
ories In  dry 
matter 

Cw>12. 

iBt  Period,? 

days  — 

390017.9 

2d  Period,  7 

days  .... 

399705.8 

3d  Period,  8 

days 

450326.2 

Cino  10, 

Feb.  4-10, 10 

days 

448583.6 

129879.6  11623.2  266138.3  254515.1  224820.3 
136032.9  10881.2  263642.9  252761.7  222024.4 
162177.0  10564.0  288149.2  2775C5.2  242683.3 

127231.3  14525.1  321352.3  306827.2  273199.8 

We  have  now  reached  a  point  in  the  development  of  our  data 
where  we  can  see  what  they  teach  concerning  the  unit  heat 
values  of  the  nutrients  utilized  by  these  two  animals.  From 
the  figures  of  the  two  preceding  tables  the  unit  values  given  in 
the  succeeding  table  were  calculated. 

Hjeat  Values  Based  on  a  Uitit  or  One  Gram. 


Heat  ^alue 
drr  matter 
of  ration. 

HeatvalUf* 

dry  matter 

feces. 

HeatTalue 
digestible 
dry  matter. 

Heat  value 

digestible 

organlo 

matter. 

Heat  Talne 
digestible 
Heat  value       organlo 
digestible  matter  less 
organlo         leM  heat 
matter  less         values 
beat  value   urine  and 

Caw  12. 

OaL 

CaL 

CM, 

CaL 

coj: 

Cal, 

Ist  Period. 

4.35 

4.68 

4.20 

4.31 

4.12 

8.64 

2d  Period.. 

4.31 

4.77 

4.11 

4.23 

4.05 

3.56 

3d  Period.. 

4.27 

4.70 

4.07 

4.19 

4.04 

3.53 

Couf  10 

4.38 

4.54 

4.32 

4.49 

4.29 

3.82 

Averase 

4.33 

4.67 

4.17 

4.30 

4.12 

Digitized  by\ 

3.64 

ZOOQ 
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It  is  noteworthy,  as  lias  been  pointed  out  by  other  observers, 
that  the  dry  matter  of  the  feces  has  a  unit  heat  value  consider- 
ably larger  than  that  of  the  total  dry  matter  of  the  ration  and 
consequently  the  heat  value  of  the  digested  portion  should  not 
be  assumed  on  the  basis  of  the  proportion  of  the  dry  matter 
digested. 

In  computing  the  energy  value  of  rations  it  has  been  custom- 
ary to  use  the  figures  proposed  by  Rubner  for  the  several  classes 
of,  nutrients,  viz.:  Protein  4.1  Cal.,  carbohydrates  4.1  Cal, 
fats  9.3  Cal.  It  appears  now  that  these  unit  values  are,  if  any- 
thing, fully  high  enough  for  herbivora,  even  if  no  allowance  is 
made  for  loss  of  methane.  Let  us  compare  the  actual  heat 
values  of  the  digestible  matter  in  the  several  periods  with  what 
the  calculated  values  would  be  on  the  Rubner  basis. 

Cow  12. 
First  Period. 

Protein  8161.8  gramsx4.1=»  33,461.3Gb1. 

Carbohydrates 52358.2  grams  x 4. 1=218, 768.6 CaL 

Fats 180.3  gram8x9.3=    l,676.80al. 

253,906. 7CaL 
As  determined*  =^54, 515.1  CaL 

Second  Period, 

Protein 6852.5  grain8x4.1=  28.01^. 2CaL 

Carbohydrates 55255.1  gi-amsx  4.1=226,545.0  Cal. 

Fate 216.9  grams X 0.3=    2,017. 2CaL 

236,658.3  CaL 
As  determined*  ■=252, 701.7  CaL 

Third  Period, 

Potein 5763.7  gralnsx4.1=  23,631.2CaL 

Carbohydrates   62G98. 9  grains  x  4.1=258,065.5  CaL 

Fate 258.5  grainsx9.3=    2,404. OCaL 

284, 100.7  Cal. 
As  determined*  «=277, 565.0  CaL 

Cow  10. 

Protein 8064.3  grams x 4.1=  33,063.6 CaL 

Carbohydrates 60445.7  grams  x  4.1=247,827.4  Cal. 

Fats 2904.1  gramsx9.8=  27,008.1Cal. 

807,899.1  CaL 
As  determined*  e^06 ,  827 . 2  CaL 


•No  Atlowanoe  for  raethano. 
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If  no  allowance  is  made  for  the  energy  loss  in  methane  the 
Bubner  unit  values  are  not  greatly  larger  than  the  average  of 
these  determinations.  If,  however,  the  loss  from  the  escape  of 
hydrocarbons  is  as  large  as  that  observed  by  Kellner  and  others 
then  the  available  energy  of  the  digestible  organic  matter  was 
3.64  Cal.  per  gram.  Kellner  found  it  to  be  3.5  Cal.  for  the 
digestible  organic  matter  of  meadow  hay,  and  Armsby,  in  deter- 
minations with  steers,  using  timothy  hay,  found  it  to  be  3.62 
Cal. 

THE  DISTRIBUTION  OF  THE  ENERGY  OP  A  RATION. 

It  is  interesting  and  instructive  to  note  the  distribution  of  the 
energy  of  a  ration.  It  may  be  classified,  first  as  available  and 
non-available.  The  available  energy  is  applied  to  the  various 
uses  of  the  animal  and  in  the  case  of  the  milch  cow  is  distri- 
buted among  the  milk  solids,  the  work  of  milk  production  and 
maintenance  needs. 

These  energy  relations  are  best  expressed  in  terms  of  per- 
centages without  repeating  any  previous  figures. 


Distribution  of  Total  Energy  of  Ration. 

Cow  IB, 
Per.  U    Per.  2. 


Methane  c  Available  energy 64.3 

not  con.     \  Non-available  enerffv  \  ^^^°®  •  *  •     -'^ 
sidered.     ^  ^o»-a^  a »« Die  energy.  ^  Feces  ...  32.8 

Assumed  |  Available  energy 56.8 

methane    I  (Urine...    2.9 

energy      1  Non-available  energy.  \  Methane.    7.5 
deducted.  \  (Feces  ...  32.8 


63.2 
2.T 

34.0 

55 . 5 
2.7 
7.7 

34.0 


Cow  10. 


Per.S. 


PttT  ctm  PtT  ct. 


61.6 
2.4 

36.0 

53.9 
2.4 
7.7 

36.0 


68.4 
3.2 

28.4 

60.9 
3.2 
7.5 

28.4 


Distribution  of  Available  Eneboy. 

Maintenance  energy.t      Energy  of  milk  aoUdi. 


Energy  balanoeu 


Total 
ftTallable 

dally.* 

Calorlet 

dally. 

Per  ct  of 

total 

available 

energy. 

Calorie* 
dally. 

Per  ct.  of 

total 
aTiiUable 
energy. 

Per  ct,  of 
total 
Calories  available 
dally,      energy. 

Cow  It. 

Col. 

Period  I..,. 

32118 

13846 

43.1 

11176 

34.8 

7096 

22.1 

Period  2.... 

31718 

13846 

43.6 

10169 

32.1 

7703 

24.3 

Periods.... 

30335 

13846 

45.3 

10547 

30.4 

5942 

24.3 

Cow  to 

27320 

10152 

87, 

8451 

80.9 

6717 

82.1 

•  After  allowing  for  loee  of  energy  In  methane. 

t  Calculated  on  baeU  of  18,000  Cal.  for  MO  kilo  animal. 
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The  foregoing  figures  are  instructive  in  showing  approxi- 
mately how  the  energy  of  the  rations  was  utilized  by  these  two 
milch  cows.  After  accounting  for  the  energy  of  maintenance  on 
the  basis  of  the  best  known  data,  viz:  13,000  Calories  for  an 
animal  weighing  500  kilos  (1100  lbs.)  and  the  energy  of  the  milk 
solids,  we  have  a  balance  amounting  on  the  average  to  about 
one-quarter  of  the  available  energy  of  the  ration.  If  the  ration 
were  diminished  to  the  extent  of  this  balance  it  would  certainly 
result  in  a  lessened  milk  yield,  consequently  we  are  justified  in 
concluding  that  this  balance  has  some  necessary  function  or 
relation  in  milk  secretion. 

The  most  natural  and  logical  conclusion  is  that  in  part  at 
least  it  sustains  the  work  of  milk  secretion,  L  e.,  the  vital 
activity  involved  in  the  metabolic  changes  occurring  in  the  milk 
glands  or  elsewhere  in  the  formation  of  milk  solids.  There  is, 
of  course,  more  work  demanded  for  mastication  and  digestion 
than  is  the  case  with  the  much  smaller  maintenance  ration. 
Nevertheless  it  is  fair  to  regard  the  milch  cow  as  a  working 
animal,  not  in  the  exercise  of  mechanical  force  but  in  the  main- 
tenance of  manufacturing  processes  which  are  sustained  by  the 
application  of  the  quiet  energies  of  life. 
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THE   IMMEDIATE   EFFECT   ON  MILK  PRODUC- 
TION  OF  CHANGES  IN  THE  RATION  *  . 


W.  p.  WHEELER. 


INTRODUCTOBY  NOTE  BY  THE  DIBECTOR. 

The  data  discussed  in  this  bulletin  were  mostly  secured  under 
a  former  administration.  They  are  not  the  result  of  feeding 
experiments  logically  planned  for  the  study  of  rations,  but  were 
incidental  to  the  extensive  breed  tests  that  were  carried  on  for 
several  years,  and  for  this  reason  they  cannot  be  made  the  basis 
of  so  extensive  or  so  safe  conclusions  as  to  feeding  questions 
a«  otherwise  might  be  the  case. 

The  tables  which  Mr.  Wheeler  presents  from  nearly  one  thou- 
sand feeding  periods  with  different  animals  may  seem  to  be 
duplications  in  some  cases,  as  for  instance  V,  IX,  X  of  the  tables 
as  compared  with  XXVI,  XXV  and  XXVII.  It  is  to  be  noticed 
that  these  tables  differ  as  to  the  number  of  periods  included,  ' 
which  is  due  to  the  fact  that  in  one  set  the  selection  of  data  was 
made  with  reference  to  the  effect  of  varying  the  quantity  of 
nutrients  and  in  the  other  set  with  reference  to  the  influence  of 
varying  the  protein.  It  is  gratifying  to  note,  however,  that 
different  groups  of  periods,  involving  practically  similar  condi- 
tions, indicate  essentially  similar  conclusions. 

Those  who  may  study  this  bulletin  should  keep  clearly  in 
mind  that  only  the  immediate  and  not  the  po^anent  effect  of 
rations  is  considered.  Moreover,  there  should  be  a  proper  reser- 
vation of  judgment  concerning  data  logically  so  imperfect. 
Nevertheless,  in  some  particulars  these  records  mean  much  more 
in  a  practical  way  than  some  offered  to  the  public  which  involve 
the  use  of  very  few  animals  during  only  two  or  three  feeding 

•A  reprint  of  Bulletin  No.  210. 

Digitized  byCjOOQlC 


62      Reipobt  of  Department  of  Animal  Husbandry  of  the 

periods.  The  evidence  presented  concerning  one  point  is  fairly 
consistent  and  is  important,  viz.:  that  changes  in  the  quantity 
of  nutrients  have  greatly  more  influence  on  the  milk  yield  than 
proportionally  large  changes  in  the  amount  of  protein.  These 
data/ offer  strong  evidence  that  if  the  available  energy  of  the 
ration  is  sufficient  and  is  kept  at  a  uniforn^  point,  there  may  be 
quite  a  wide  range  in  the  nutritive  ratio  without  materially 
affecting  the  milk  flow.  This  emphasizes  the  necessity  of  uni- 
form feeding  and  the  importance  of  knowing  to  what  extent 
changes  in  the  materials  of  a  ration  cause  changes  in  the 
nutrients  actively  available.  The  evidence  relative  to  the  pro- 
tein supply  at  least  suggests  the  practicability  of  successfully 
feeding  dairy  cows  from  a  well  selected  list  of  crops  grown  on 
the  farm. 

W,  H.  Jordan,  Director. 

SUMMARY. 

The  data  published  in  this  bulletin  show  the  changes  in  milk 
production  which  have  immediately  followed  changes  in  the 
composition  of  the  ration  fed  to  cows.  The  efficiency  of  differ- 
ent rations  for  sustaining  milk  production  over  long  periods  is 
not  shown. 

Several  hundred  individual  records  (981  in  all)  for  limited 
periods  covering  different  changes  in  the  rations  were  selected 
from  those  kept  for  a  dairy  herd  during  several  years.  These 
were  grouped  in  accordance  with  certain  relations  which  they 
held  to  factors  of  the  recognized  feeding  standards,  and  aver- 
ages were  made.  The  average  data  considered  are  those  which 
relate  to  changes  in  the  amount  of  total  digestible  organic  mat- 
ter or  "  total  nutrients,"  the  fuel  value,  the  amount  of  protein, 
and  the  nutritive  ratio.  No  rations  that  would  appear  in  any 
respect  radically  deficient  were  fed. 

TOTAL   NUTRIENTS. 

In  general,  the  milk  flow  increased  most  or  diminished  least 
when  the  greatest  increase  of  total  nutrients  was  made  without 
regard  to  moderate  changes  in  protein  content.    The  most  rapid 
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Bhrinkage  of  milk  flow  generally  occurred  when  the  percentage 
reduction  of  total  nutrients  was  greatest,  although  this  usually 
was  associated  with  a  reduction  of  protein. 

On  the  average  for  all  records  when  an  increase  of  the  total 
nutrients  was  made,  there  was  no  change  in  milk  production. 
On  the  average  for  all  when  the  amount  of  nutrients  was 
reduced,  the  shrinkage  in  milk  flow  was  at  twice  the  normal 
rate. 

An  increase  in  the  amount  of  total  nutrients  to  not  more  than 
15.5  lbs.  per  day  for  each  1000  lbs.  live  weight,  with  cows  giving 
about  20  lbs.  of  milk,  resulted  in  a  maintenance  of  the  milk 
.  yield  without  diminution.  When  the  nutrients  were  reduced 
in  corresponding  rations,  more  than  the  usual  shrinkage 
followed. 

An  increase  of  the  total  nutrients  from  less  than  15.5  lbs.  to 
more  than  that  amount,  for  cows  giving  about  23  lbs.  of  milk, 
resulted  in  a  maintenance  of  milk  yield  without  diminution.  A 
re4uction  of  the  nutrients  from  above  15.5  lbs.  to  less  than  that 
amount  was  followed  by  twice  the  normal  shrinkage  in  milk 
yield. 

An  increase  of  the  total  nutrients  when  above  15.5  lbs.  for 
cows  giving  about  24  lbs.  of  milk,  was  followed  by  less  than 
the  usual  shrinkage  in  milk  flow.  A  reduction  of  the  total 
nutrients  to  not  less  than  15.5  lbs.  was  followed  by  more  than 
the  usual  shrinkage. 

rUlBL  VALUBL 

An  average  of  all  records  when  an  increase  in  the  fuel  value 
of  the  ration  was  made  shows  a  diminution  in  milk  yield  about 
one-fifth  as  great  as  would  usually  occur  under  unchanged 
rations.  An  average  of  all  records  when  the  fuel  value  was  re- 
duced shows  about  twice  the  usual  diminution  in  milk  yield. 

An  increase  in  the  fuel  value  to  not  more  than  30,000  Cal.  per 
day  per  1000  lbs.  live  weight,  for  cows  giving  about  20  lbs.  of 
milk,  was  followed  by  a  slight  average  increase  in  milk  flow.  A 
reduction  of  the  fuel  value  when  below  30,000  Cal.  was  followed 
by  considerably  more  than  the  normal  shrinkage  in  milk. 
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An  increase  in  the  fuel  value  from  below  30,000  Cal.  to  more 
than  that  amount,  for  cows  giving  about  22  lbs.  of  milk,  was 
followed  by  about  the  usual  shrinkage  in  milk  flow  or  less.  A 
reduction  of  the  fuel  value  from  above  to  below  30,000  Cal.  was 
followed  by  twice  the  usual  shrinkage. 

An  increase  in  the  fuel  value  when  above  30,000  Cal.,  for  cows 
giving  about  24  lbs.  of  milk,  resulted  in  a  maintenance  of  the 
milk  yield  without  shrinkage.  A  reduction  of  the  fuel  value  to 
not  less  than  30,000  Cal.,  was  followed  by  about  twice  the  usual 
shrinkage  in  milk. 

PROTEIN. 

In  general,  changes  in  the  amount  of  protein  within  ordinary 
limits  produced  less  effect  than  changes  in  the  amount  of  total 
nutrients.  On  the  whole  the  diminution  in  milk  flow  was  less 
when  the  amount  of  protein  was  increased  than  when  it  was  re- 
duced. 

On  the  average  for  all  records  when  the  protein  was  increased, 
those  including  also  an  increase  of  total  nutrients  show  no  fall- 
ing off  in  milk  production,  those  with  but  little  change  in 
nutrients  show  a  normal  diminution  or  less,  those  with  a  reduc- 
tion of  nutrients  show  a  shrinkage  greater  than  usual.  On  the 
average  for  all  records  when  the  protein  was  reduced  those 
with  an  increase  of  total  nutrients  show  less  than  the  usual 
decrease  in  milk  production,  those  with  but  little  change  of 
nutrients  show  about  the  normal  shrinkage,  those  with  a  reduc- 
tion of  nutrients  show  a  falling  off  at  twice  the  normal  rate. 

The  average  of  those  records  where  there  was  an  increase  of 
protein  without  change  in  amount  of  total  nutrients  shows  an 
increased  cost  of  production.  There  was  no  increase  in  the  cost 
of  production,  on  the  average,  when  the  protein  was  reduced 
without  change  in  amount  of  nutrients. 

A  reduction  in  the  amount  of  protein,  when  the  ration  con- 
tained less  than  2  lbs.  per  day  per  1000  lbs.  live  weight,  was  fol- 
lowed by  about  twice  the  usual  shrinkage  in  milk  flow.  An  in- 
crease in  the  amount  of  protein  when  less  than  2  lbs.  was,  in 
general,  followed  by  less  than  the  usual  shrinkage. 
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A  reduction  in  the  amount  of  protein  when  between  3  lbs. 
and  2.25  lbs.  was  followed  by  more  than  the  usual  shrinkage  in 
milk  flow.  An  increase  of  the  protein  when  between  2  and  2.25 
lbs.  was  followed,  on  the  whole,  by  less  than  the  usual  shrinkage. 

While  reduction  of  the  protein  when  between  2.25  lbs.  and 
2.5  lbs.  was  followed  by  excessive  diminution  in  milk  flow,  there 
was  an  accompanying  reduction  of  total  nutrients  which  would 
largely  account  for  it.  An  increase  in  the  amount  of  protein 
when  between  2.25  and  2.5  lbs.  was  followed  by  very  much  less 
than  the  uaual  shrinkage  of  milk. 

A  reduction  in  the  amount  of  protein  when  above  2.5  lbs.  was 
followed  by  favorable  results  on  the  average  for  123  records. 
The  natural  shrinkage  in  milk  flow  was  retarded.  The  co»t  of 
production  was  not  affected.  An  increase  of  the  protein  when 
above  2.5  lbs.  is  shown  by  only  a  few  records — in  these,  however, 
there  followed  twice  the  usual  shrinkage  in  milk  flow. 

NUTBITIVB3  RATIO. 

Changee  in  the  nutritive  ratio  within  the  ordinary  limits  had 
considerably  leas  influence  on  the  milk  flow  than  did  changes 
in  the  amount  of  total  nutrients.  In  general,  however,  a  nar- 
rowing of  the  ratio  had  a  favorable  effect  on  milk  production, 
while  a  widening  of  the  ratio  tended  toward  the  reverse. 

When  but  little  change  in  the  amount  of  total  nutrients  oc- 
curred, a  narrowing  of  the  ratio  was  followed  by  less  than  the 
usual  decrease  in  milk  yield  and  a  widening  of  the  ratio  by  more 
than  the  usual  decrease. 

With  an  increase  in  the  amount  of  total  nutrients  a  narrowing 
of  the  ratio  was  followed  by  an  increase  in  milk  yield.  A  widen- 
ing of  the  ratio  was  followed  by  a  decrease  (to  less  than  the 
usual  extent)  although  the  average  increase  of  total  nutrients 
was  nearly  a  pound  greater  than  when  the  ratio  was  narrowed. 

With  a  reduction  in  the  amount  of  total  nutrients  of  10  or  12 
per  ct.,  there  followed  about  the  same  average  shrinkage  in  milk 
flow  whether  the  ratio  was  narrowed  or  widened. 
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When  the  nutritive  ratio  was  narrowed  but  kept  wider  than 
1:6,  no  change  occurred  in  the  average  amount  of  digestible  dry 
matter  consumed  for  each  pound  of  milk  solids  produced.  When 
the  ratio  was  made  wider  there  was  an  increase  (over  4  per  ct.) 
in  amount  of  digestible  dry  matter  for  each  pound  of  milk  solids. 

When  rations  with  a  narrower  ratio  than  1:6  were  made  still 
narrower  there  was  the  same  increase  in  the  amount  of  digesti- 
ble dry  matter  required  for  each  pound  of  milk  solids  as  when 
corresponding  rations  were  made  wider  but  kept  narrower 
than  1:6. 

It  must  be  remembered  that  these  summarized  results  apply 
only  to  the  immediate  effect  on  milk  production  of  the  specified 
changes  in  the  ration.  It  is  not  unreasonable  to  assume,  how- 
ever, that  those  modifiations  of  the  ration  which  at  once  lead  to 
increase  in  milk  flow  point  toward  the  composition  of  a  ration 
adapted  to  more  permanent  advantage,  and  that  those  modifi- 
cations which  are  immediately  followed  by  diminished  product 
point  in  the  direction  of  a  ration  more  likely  to  prove  inefficient 
for  extended  periods. 

INTRODUCTION. 

In  the  feeding  of  milch  cows  as  well  as  that  of  other  animals 
many  difficult  problems  are  involved.  The  solution  of  most  of 
these  cannot  be  accomplished  without  numerous  investigations 
and  studies  under  specially  arranged  conditions  where  factors 
commonly  uncontrolled  can  be  directly  accounted  for  and  their 
value  considered.  Many  years  must  necessarily  elapse  before 
much  of  the  positive  knowledge  sought  can  be  secured.  This 
knowledge  will  come  in  time.  But  every  day  the  animals  must 
have  food,  and  any  information  relating  to  the  commonly  prac- 
ticed methods  of  feeding  is  worth  considering.  Any  carefully 
collected  data  should,  therefore,  repay  attention;  though  they 
may  not  light  up  certain  of  the  complex  problems  of  nutrition, 
and  may  show  only  in  a  circumstantial  way  relations  between 
the  milk  and  the  food. 

While  the  fixing  of  an  absolute  standard  stated  in  the  terms 
we  now  use  is  not  possible,  it  is  still  probable  that  with  wider 
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information  the  limitationB  of  the  average  physiological  stand- 
ard can  be  made  more  definite.  All  records  of  production  under 
rations  couBtructed  In  conformity  with  standard  requirements 
should  furnish  information  of  more  or  less  value.  The  results  of 
departure,  on  one  side  or  the  other  of  the  path  marked  out, 
should  be  worth  recording. 

The  data  published  in  this  4)ulletin  show  changes  in  milk  pro- 
duction which  have  immediately  followed  changes  in  the  com- 
pomtion  of  the  ration.  Some  changes  in  the  ration  appear  to 
have  no  immediate  effect  on  milk  production.  Others  apparently 
have  in  a  moderate  degree  either  stimulating  or  depressing 
effects. 

For  many  years  rations  conforming  to  certain  limitations  have 
been  recommended  by  different  investigators.  The  most  conven- 
ient and  practicable  way  of  stating  the  food  requirements  of 
the  animal  in  a  concise  and  general  manner  has  been  in  terms  of 
digestible  nutrients.  As  ordinarily  grouped,  these  are  protein, 
carbohydrates  and  fat.  The  total  digestible  organic  matter  is 
stated  as  well  as  the  total  dry  matter.  Water  is  taken  for 
granted,  and  the  mineral  nutrients,  although  important,  are  not 
considered  because  the  foods  naturally  available  for  supplying 
other  nutrients  would  contain  abundant  ash. 

In  formulating  a  feeding  standard  for  cows  considerable  differ- 
ence of  opinion  exists  as  to  the  limits  of  variation,  both  in  bulk 
and  composition,  that  can  be  made  without  appreciable  influence 
on  production.  The  standard  rations  usually  recommended  for 
milch  cows  of  average  capacity  require,  for  1000  lbs.  live  weight: 

From  27     to  29     lbs.  of  total  dry  matter, 
From  13.4  to  16     lbs.  of  didgestible  organic  matter. 
From  2     to  2.51b8.  of  digestible  protein, 
From  11     to  13     lbs.  of  digestible  carbohydratest 
From      .4  to     .5  lb.  of  digestible  fats; 

with  a  nutritive  ratio  of  from  1:6  to  1:5.7.  For  cows  not  approxi- 
mating 1000  lbs.  in  weight,  for  cows  of  inferior  capacity  or  for 
very  heavy  milkers,  the  standard  is  modified.      The  standard 
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which  has  been  lougeftt  used  as  a  general  guide  gives  for  the 
average  cow  in  milk,  per  1000  lbs.  live  weight 

24     lbs.  total  organic  matter, 

15.4  lbs.  total  digestible  organic  mattert 
2.5  lbs.  total  digestible  protein, 

12.5  lbs.  total  digestible  carbohydrates; 

with  a  nutritive  ratio  of  about  1:5.4  and  a  fuel  value  of  about 
30,000  Calories. 

These  standards  have  been  in  large  part  drawn  from  averages. 
Slight  individual  modifications  have  therefore  been  occasionally 
desirable  or  without  disadvantage.  In  practice,  of  course  a  close 
conformity  may  often  be  unprofitable  because  of  relative  market 
prices.  The  efficiency,  however,  of  the  modified  standard  ration 
is  the  point  for  first  consideration. 

While  the  results  of  only  a  few  weeks  under  a  ration  will  not 
show  its  permanent  sustaining  power,  they  may  perhaps  suggest 
the  stimulating  effects.  To  these  are  often  attributed  results 
not  fully  explained  by  the  known  utilization  of  nutrients  in  the 
product  and  the  work  of  its  construction.  It  is  thought  that  the 
presence  of  a  supply  of  protein  considerably  in  excess  of  the 
indispensable  amount  which  can  be  directly  accounted  for,  tendfi 
to  stimulate  milk  production. 

In  feeding  a  dairy  herd  at  this  Station  during  several  years  the 
common  standards  were  followed  in  a  general  way.  From  the 
daily  records  of  this  herd  are  drawn  the  data  before  referred  to. 
They  represent  both  winter  and  summer  feeding  at  different 
times  during  seven  years.  Individual  records  were  kept  of  the 
food  consumed,  the  changes  in  live  weight  and  the  milk  yield. 
Analyses  were  made  of  the  foods  and  of  the  milk  at  regular  inter 
vals  so  that  the  amounts  of  the  different  constituents  in  the  food 
and  in  the  milk  have  been  calculated  for  each  cow  and  averages 
made  from  these  data.  The  records  for  short  periods  selected  for 
use  in  these  averages  were  taken  at  that  stage  of  lactation  when 
only  very  moderate  changes  in  the  milk  flow  might  be  expected. 
Of  these  limited-period,  individual  records,  981  have  been  used  in 
making  the  averages  considered  here.    When  grouped  according 
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to  the  same  foods  they  form  111  groups  with  an  average  of  nine 
cows  each. 

The  food  was  changed  often  but  no  violent  changes  were  made 
nor  any  rations  fed  that  would  appear  in  any  respect  radically 
deficient,  as  the  primary  object  for  keeping  the  herd  would  not 
have  been  furthered  by  the  use  of  questionable  rations.  The 
change  usually  was  only  a  substitution  of  one  coarse  fodder  for 
another  accompanied  by  a  modification  of  the  mixed  grain.  No 
unpalatable  food  was  used.  A  moderate  proportion  of  grain 
was  always  fed,  varying  from  5  to  9  lbs.  per  day,  but  generally 
about  7  lbs.,  the  average  for  all  the  time  being  6.63  lbs.  per 
day.  As  a  rule  either  silage,  roots  or  green  forage  was  fed  with 
any  hay  or  other  dried  fodder.  Only  15  rations  out  of  a  thou- 
sand were  without  some  succulent  food,  the  average  moisture 
content  of  these  being  12.2  per  ct.  The  average  i)ercentage  of 
moisture  in  all  the  rations  was  61  per  ct. 

Brides  mixed  grain,  which  was  always  fed,  336  rations  con- 
sisted of  silage  and  hay,  266  rations  of  green  forage  and  hay,  76 
rations  of  roots  and  hay;  72  rations  contained  two  kinds  of 
green  forage  and  47  rations  one  kind;  56  rations  contained  silage 
and  green  forage;  43  rations  silage,  hay  and  corn  stover;  30 
rations  silage,  forage  and  hay;  22  rations  sihige  and  corn  stover; 
15  rations  hay  alone;  10  rations  silage,  roots  and  hay,  and  8 
rations  silage  alone. 

The  coarse  foods  principally  used  were  clover  hay,  timothy 
hay,  mixed  hay,  corn  silage,  alfalfa  forage,  oat-and-pea  forage, 
corn  forage  and  mangels.  Others  sometimes  fed  were  oat-and-pea 
hay,  orchard-grass  hay,  corn  stover,  barley-and-pea  forage,  sor- 
ghum forage,  rye  forage,  rye-and-pea  forage,  timothy  forage, 
clover  silage,  sugar  beets  and  carrots.  The  grain  foods  most 
commonly  used  were  wheat  bran,  corn  meal,  ground  oats,  wheat 
middlings,  old  process  linseed  meal,  cottonseed  meal,  different 
gluten  meals  and  gluten  feed.  Others  occasionally  used  were 
new  process  linseed  meal,  brewers'  grains,  ground  flaxseed,  buck- 
wheat middlings  and  malt  sprouts.  In  a  grain  mixture  three 
kinds  of  ground  feed  were  always  used  and  generally  more. 
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Special  analyses  were  made  of  all  the  foods.  The  coefficients 
of  digestibility  nsed  in  the  calculations  were  the  averages  from 
American  determinations  when  several  were  to  be  found,  but 
many  of  them  were  from  European  data.  These  calculations 
were  made  several  years  ago  when  factors  from  recent  investiga- 
tions were  not  available.  The  coefficients  used  differ  somewhat 
from  the  latest  averages  but  not  enough  to  have  a  recalculation 
affect  the  general  results.  In  Table  A  are  given  those  used  for 
the  several  foods. 

Selecting  records  from  a  system  of  feeding  conforming  to  other 
purposes  did  not  permit  an  absolute  uniformity  in  all  relations 
essential  to  a  direct  and  unqualified  comparison  of  the  different 
rations.  The  averaged  groupings  are  therefore  not  by  any  means 
satisfactorily  complete  and  full,  although  the  volume  of  testimony 
in  a  degree  compensates  for  some  of  the  lack  of  uniformity. 
While  a  large  number  of  records  may  cover  one  change  in  a 
ration,  there  may  be  comparatively  few  that  afford  data^  con- 
cerning some  corresponding  change,  desired  for  comparison,  so 
that  in  this  respect  also  undesirable  irregularity  exists.  Evi- 
dence only  of  the  immediate,  or  perhaps  stimulating,  effect  of 
the  modified  rations  is  offered.  There  is  taken  into  consider- 
ation no  intermediate  period  to  permit  full  adjustment  to  the 
changed  food,  and  the  efficiency  of  the  different  rations  for  sus- 
tained milk  production  over  longer  periods  is  not  shown.  The 
record  is  taken  for  from  two  to  four  weeks  before  a  change  in  a 
ration  and  for  about  the  same  time  immediately  following. 


Table  A. — Avebaoe  CoEFFiciEirrB  of  Dioestibilitt. 


Protela, 

Wheat  bran 78 . 

Gommeal 76. 

Ground  oats 78. 

Wheat  middlings 82. 

O.  P.  linseed  meal 86. 

Cottonseed  meal 89. 

Gluten  meal 87. 

Gluten  feed 86. 

N.  P.  linseed  meal 87. 

Brewers*  grains. 71. 


N.  free   Pats  (ether 


Fiber. 

extract 

extra( 

33. 

72. 

76. 

58. 

87. 

92. 

26. 

77. 

84. 

33. 

88. 

85. 

50. 

80. 

90. 

33. 

68. 

95. 

33. 

91. 

88. 

34. 

92. 

82. 

Gl. 

86. 

91. 

46. 

56. 
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N.  free   Fato(eaier 
Protalii.         Fiber.        extract,     eztraot). 

Ground  flaxseed 91.  60.  55.        86. 

Buckwheat  middlings 78.  35.  75.        85. 

Malt  spFOUtB S3.  41.  67.        90. 

OLorer  hay 68.  64.  64.  55. 

Timothy  hay 49.  63.  63.  57. 

Mixed  hay 42.  49.  57.  54. 

Corn  silage 57.  69.  75.  84. 

Alfalfa  forage 67.  63.  78.  64. 

Oat-and-pea  forage 78.  57.  65.  71. 

Com   forage... 52.  62.  75.  77. 

Mangels  83.  71.  96.  50. 

Orchard-grass  hay 59.  60.  55.  54. 

Oat-and-pea  hay 81.  67.  66.  74. 

Com  stover 36.  64.  58.  70. 

Sorghum    forage 47.  59.  74.  74. 

Rye  forage 74.  83.  73.  67. 

Clover   silage 48.  60.  70.  67. 

Beets  and  carrots M,  80.  95.  77. 

As  a  basis  for  comparison,  the  normal  rate  of  shrinkage  in 
milk  flow  that  would  usually  occur  under  an  efficient  average 
unchanged  ration  was  assumed  to  be,  for  every  period  of  one-half 
month,  about  2  per  ct.  during  the  third  month  of  lactation,  about 
2.5  per  ct.  during  the  fourth  and  fifth  months,  about  3  per  ct. 
during  the  sixth  and  seventh  months,  about  3.5  per  ct.  during 
the  eighth  month  and  about  4  per  ct.  during  the  ninth  and  tenth 
months.  In  making  this  estimate,  data  from  this  Station  were 
considered  in  connection  with  some  from  the  Cornell  Experi- 
ment Station,  and  some  records  published  a  number  of  years 
ago  by  Dr.  Sturtevant. 

The  amount  fed  was  always  about  all  that  could  apparently  be 
used  by  the  animal.  As  a  rule  there  was  a  gain  in  live  weight 
which  indicates  a  usually  sufficient  amount  of  food.  The  cows 
were  mostly  of  medium  size  and  less  than  1,000  lbs.  in  weight. 
The  average  weight  per  cow  for  all  periods  was  932  lbs. 

An  idea  of  the  prevailing  composition  of  the  rations  and  of 
their  efficiency  is  given  by  the  following  data:  Under  1  is  the 
average  from  90  individual  records  for  one  month  with  rations 
having  a  fuel  value  of  considerably  less  than  30,000  Cal.,  and 
supplying  less  than  15.5  lbs.  of  total  digestible  organic  matter. 
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Under  2  is  the  average  from  80  indiyidual  records  for  one  month 
with  rations  having  a  fuel  value  considerably  higher  than  30,000 
Cal.,  and  supplying  considerably  more  than  15.5  lbs.  of  total 
digestible  organic  matter. 

Table  B. — ^Averages  fboic  Recobds  fob  One  Monts. 

1  t 

Average  age  of  cows,  years .•••  4  6.6 

Average  live  weight  per  cow,  pounds 894  967 

Average  month  of  lactation 6.2  4.5 

Average  gain  in  live  weight  for  month,  pounds 12  25 

Fuel  value  of  ration  per  1000  lbs.  live  weight,  Cal 28,855        33,937 

Total  digestibie  organic  nutrients  per  1000  lbs.  live 

weight  pounds 14.6  17.0 

Digestible  protein  per  100  lbs.  live  weight,  pounds. ...  2.1  2.3 

Nutritive  ratio 1:6.6  1:7.2 

MillL  yield,  average  per  day  per  cow,  pounds 20.2  25.9 

Total  solids  in  milk,  average  per  day  per  cow,  pounds  2.8  3.4 

Percentage  of  fat  in  milk 4.4  4.0 

Digestible  dry  matter  in  food  for  one  pound  of  milk 

solids  produced,  pounds 4.6  4.8 

As  the  great  mass  of  individual  data  is  of  no  general  interest, 
only  the  averages  from  different  groupings  are  given.  The  cost 
of  production  is  usually  stated.  While  the  more  nitrogenous 
foods,  especially  grain  foods,  are  usually  higher  priced,  the  lib- 
eral use  of  such  foods  as  alfalfa  forage,  oat-and-pea  forage, 
clover  hay,  etc.,  has  somewhat  modified  this  relation.  The  cost 
relation  is  an  uncertain  and  fluctuating  one,  of  course,  but  the 
prices  assumed  for  calculation  would  fairly  represent  the  aver- 
age cost  of  foods  supplying  rations  of  the  stated  composition. 
Hay  was  rated  at  |10  per  ton,  and  corn  stover  at  f  5,  silage  and 
roots  were  rated  at  f3,  green  fodders  at  |2.  Corn  meal,  wheat 
middlings  and  brewers'  grains  were  rated  at  |20  per  ton,  wheat 
bran,  malt  sprouts  and  gluten  feed  at  |18,  ground  oats,  gluten 
meal  and  new  process  linseed  meal  at  f25,  old  process  linseed 
meal  at  |27,  cottonseed  meal  at  |30,  and  ground  flaxseed,  but 
little  used,  f60  ^t  ton.  The  average  food  cost  of  milk  for  all 
the  records  considered  was  73  cents  per  100  lbs. 
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TOTAL  ORGANIC  NUTRIENTS. 

Groupings  of  the  different  records  according  to  the  amount  of 
the  total  digestible  organic  matter  are  first  considered.  The 
term  "  total  nutrients ''  or  "  nutrients,"  whenever  used  without 
qualification  in  the  text  or  tables,  refers  to  the  total  digestible 
organic  matter  of  the  feeding  standards  without  reference  to 
the  mineral  matter.  The  term  "  dry  matter,"  however,  includes 
the  ash. 

CHANOB  IN  RATIONS  WTTHOUT  OHANQB  FN  NUTRIIBNTS. 

The  average  from  126  individual  records  in  which  very  little 
change  was  made  in  the  amount  of  nutrients — ^no  change  on  the 
average — shows  just  about  the  shrinkage  in  milk:  flow  that 
would  normally  occur  at  this  stage  of  lactation.  The  average 
month  of  lactation  was  6.2  and  the  average  age  of  the  cows  4.8 
years.  There  was  a  moderate  gain  in  weight,  the  rate  tending 
to  increase  after  the  change  of  ration. 

Tablb    I.— a  Changk    in    Ration    but    Not    nr    Amount    of    Total 

NUTRIKNTS. 


Per  1000  Lbs.  Liyb  Wboht. 

ATKKAOB  PBB 
DAT  PXK  OOW. 

Total 
digest- 
ible or- 
ganic 
matter. 

Digpst- 
ible 
pro- 
tein. 

Fuel 
▼alaa 

Nntrl- 
Uve 
raUo. 

Milk 
yield. 

Alt  In 
milk. 

1      Before 

'§      After 

S 

1 

M 

«'o   Before 
&      After 

Lb$. 
15.0 

15.0 

Lb: 
2.06 

1.98 

CdL 
30,030 

30,185 

1:7.2 
1;7.6 

Lb». 
21.1 

20.5 

Un. 
.90 

.86 

Average  of  126  rec- 
ords   from    eowB 
averagioff  4.8 
yi8.  old    and    6.2 
mootha  in  milk. 

Fat  In 
milk. 

Approxi- 
mate coat 
of  rood 
for  one 
lb.  of 
milk. 

Dry 

matter 

infood 

for  one 

lb.  of 

mUk. 

Dry 

matter  In 

food  for 

one  lb. 

of  milk 

soUds. 

Digest- 
ible dry 
matter  la 
food  for 
each  lb. 
of  milk 
sollda. 

pier  ct. 
4.2 

4.2 

.73 
.72 

Lb9. 

1.0 
1.0 

LbB. 
7.6 

7.8 

Lb§. 
4.9 

5.2 
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INCREASING   THB>  AMOUNT  OF    NUTRIENTS. 

The  average  from  268  records  when  the  amount  of  total  nutri- 
ents in  the  ration  was  increased  shows  no  shrinkage  in  milk 
yield  following  the  change.  The  relative  increase  of  protein  in 
the  ration  was  much  less  than  that  of  the  total  nutrients.  The 
average  month  of  lactation  was  5.1  and  the  average  age  about 
4.7  years.  The  gain  in  weight  was  very  slow  before  the  change 
and  averaged  over  one-half  pound  per  day  afterward. 


Table  II. — Ak  Incrkabb  in  the  Amount  of  Total  Nutrients. 


PcB  1000  Lbs.  Lite  Wkiobt. 

AVKRAOB   PBB 

Day  Pkr  Cow. 

TVvtal 
digest 

lbleol^ 
game 

matter. 

DIgestp 
Ible 
pro- 
tein 

Fuel 
▼aiae 

Nutrt- 

tlTe 

raUo. 

Milk 
yield. 

Fat  in 
milk. 

For  abont  18  days  before  change 
and  18  days  after. 

LbB. 
14.4 

16.1 

Lba. 
2.19   S 

2.29   i 

Oal. 
!8,61S 

i2,297 

1:6.4 
1:6.8 

Lb9. 
22.0 

22.0 

LbB, 

.89 
.89 

Averapre  of  268  rec- 
ords   from     cows 
averaffin^   4.7 
yrs.    old   and  5.1 
mouths    in  oiilk. 

Fat  in 
mlllc. 

Approxi- 
mate cn8c 
of  food 
for  one 
lb.  of 
milk. 

Diy 
matter 
In  food 
for  one 
lb.  of 

mint. 

Dry 
matter  In 
food  for 
one  lb. 
of  milk 
•ollds. 

Digest- 
ible dry 
matter  In 
food  for 
each  lb. 
of  mtk 
■olldJk 

Ptret. 
4.0 

4.0 

eta, 
.71 

.72 

Zte. 
1.0 

1.0 

Lb9. 

7.1 
7.8 

Urn. 
4.6 

5.1 

REDUCING  THE  AMOUNT  OP  NUTRIENTS. 

The  average  from  2G3  records  when  there  was  a  reduction  of 
the  amount  of  total  nutrients  shows  a  shrinkage  in  the  milk 
flow  twice  as  great  as  would  generally  occur  during  the  same 
time  at  this  stage  of  lactation  without  change  in  the  ration. 
The  average  reduction  in  the  amount  of  protein  was  slight.  The 
average  month  of  lactation  was  5.7  months  and  the  average  age 
4.9  years.    The  gain  in  live  weight,  which  was  at  the  rate  of 
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over  one-half  ponnd  per  day,  waa  reduced  to  about  one-third  as 
much  after  the  change  in  the  ration. 

TaBLB  III.— a  EteDUCTION  IN  THR  AMOUNT  OV  TOTAL  NUTRIKNTS. 


Averaj^e  of  368  rec- 
ords from  cows 
avernging  4.9 
jn.  old  and  5.7 
inoDths  in    milk. 


^      Before 
S       AfUr 

2 
<S 

C  ^ 

•2—  Before 
£2  ""  After 


PBR  1000  Lbs.  Lrm  Wbiobt. 


Total 
digest- 
ible or- 
gan io 
matter. 


Lb9. 
16.2 

14.6 


Dtgeat* 
Ible 
pro- 


LbB. 
2.23 

2.18 


Vuel 
▼aloe. 


Gal. 
32,920 

29,075 


Natrl- 
tlTe 
raUo. 


1:7.0 
1:6.6 


ATBiuac  Pea 

DAT  PBR  Cow. 


Milk 
yield. 


22.0 
20.8 


Fat  In 
milk. 


Xte. 


.91 

.87 


Fat  In 


4.1 
4.2 


ApprozS- 

Dry 

Dry 

mate  cost 

matter 

matter  In 

of  food 

in  food 

rood  for 

for  one 

for  one 

one  lb. 

lb.  of 

Ibwof 

oCmUk 

milk. 

milk. 

■ollda. 

eta. 

Xte. 

X6e. 

.72 

1.0 

7.9 

.75 

1.0 

7.5 

Digest- 
ible dry 
matter  In 
tooAtor 
eaeliib. 
or  milk 


ZJbB. 


5.2 
5.0 


THE   AMOUNT   OF    TOTAL   NUTRIBNTS   AND   OF    PBOTBIN    HOT 
LITTLB  GHANOBn>. 

On  the  average  for  39  records,  in  each  of  which  but  little 
changejn  the  amount  of  total  nutrients  and  of  the  protein  was 
made,  there  was  slightly  less  than  the  usual  shrinkage  of  the 
milk  yield.  There  was  a  moderate  rate  of  gain  in  weight  before 
and  after  the  change  of  ration. 
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Table  IV.— Little  Change  in  the  Amount  of  Nutrients  or  of 
THE  Protein. 


Pbb  1000  Lm.  LiyB  Wboht. 

ATSBAGB  PKB 
DAT  PKB  Cow. 

Total 

ganlc 
matter. 

pro* 
teln. 

Fael 
▼alae. 

Nutri- 
tive 
ratio. 

mik 

yield. 

Fatm 
milk. 

1      Before 
o      After 

i 

li 

X«M 

*'d  Before 
I*  After 

JJta. 
14.8 

14.8 

1.97  28,8B4 
1.93   28,885 

1:7.3 
1:7.4 

Lb9. 
19.8 

19.6 

.88 
.86 

Average  of  S9  rec- 
ords    from    cows 
averag  i  ii  i;  4.2 
yrs.  old  and    C.2 
mouths  in  milk. 

Fat  in 

raltk. 

Approzl- 

mate  cost 

of  food 

for  one 

lb.  of 

milk. 

Dry 
matter 
in  food 
for  one 
lb.  of 
milk. 

Dry 
matter  In 
food  for 
one  lb. 
of  milk 
soltds. 

Digest- 
ible dry 
matter  In 
food  for 
each  lb. 
of  milk 

aoUda. 

4.4 
4.4 

.84 
.86 

iftt. 
1.1 

1.1 

7.8 
7.8 

Lbt, 
6.1 

6.1 

THE  AMOUNT  OF   TOTAL   NUTRIENTS   BUT   LITTL0  CHANGED 
AND  THE  PROTEIN  INCREASED. 

The  average  of  44  records  when,  without  change  in  the  amount 
of  nutrients,  the  protein  was  increased,  shows  about  the  normal 
diminution  of  the  milk  flow.  There  was  moderate  gain  in 
weight,  somewhat  more  rapid  after  the  change  of  ration. 
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Tablb  v.— Littlb  Changs  in  thk  Amount  of  Nutrikntb  with  ak 
Inorkasb  of  Protrin. 


ATerage  of  44  rec- 
ords from  cows 
averagiDK  6  yrs. 
old  and  5.7  months 
Id  milk. 


1^      Before 
o      After 

I 

il 

to  • 

Is 

*ri  Before 

-.  a 

£      After 


Pbb  IQOO  Lss.  Lit*  WnaBT. 


Totol 


»or- 
ganlo 


JJm, 
14.8 

14.7 


DICMtr 
Ible 
pro- 
ton. 


1.86 
2.16 


Fael 
▼alue. 


OfiL 
29,927 

80,034 


Natri- 
ratio. 


1:7.8 
1.-6.8 


ATKEAOB  Pbb 

DAT  PBB  Cow. 


yield. 


22.3 
21.8 


Fat  la 


Lb9. 


•95 
.89 


^fTSSk 

matter 

Dry 
liiatterin 

F^ttn 

of  food 

Infood 

food  for 

milk. 

for  one 

for  one 

one  lb. 

lb.  of 

lb.  of 

of  milk 

milk. 

milk. 

aolide. 

Ptrct, 

Ota. 

JUe. 

Xte. 

4.2 

.65 

.9 

7.0 

4.1 

.65 

.9 

7.6 

Digeet> 
Ible  dry 
matter  in 
food  for 
each  lb. 
of  milk 
soUda. 


Lb9, 


4.6 
5.0 


THB  AMOUNT  OF  NUTRISNT8  BUT  LTrTLS  CHANGED  AND  THS 
PROTBSIN  RBDUOIDD. 

The  average  of  43  records  when  the  protein  was  reduced  with- 
out change  in  the  amount  of  nutrients  shows  considerably  more 
than  the  usual  shrinkage  in  milk  flow.  The  moderate  rate  of 
j^ain  in  live  weight  was  considerably  increased  after  the  change 
in  the  ration. 
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Tablb  VI.— Littlb  Chakob  u*  Amount  of  Nutrients,  with  a  Rbduction 

OF  Protbxn. 


FBE 1000  Ln.  Uru  Wbobt. 

AvnAOB  Pbb 

DAT  PSBCOW. 

T6tal 

tbtoOT^ 

ganlo 

matter. 

""^ 

££ 

Fttd 

TallUL 

Natrl- 

tlTe 

ratio. 

Milk 
yield. 

Fatm 
mUk. 

0      Before 

o      After 

& 

1 

H 

'J 

«'o  Before 
£      Afl^r 

ZJb0, 
15.5 

15.5 

2.83 
1.83 

Cot 
81,193 

31,372 

1:6.6 
1:^4 

Urn. 
21.1 

20.1 

Lbe. 
.86 

.83 

Average  of  43  reo- 
ord«i    from    cows 
averagiu^      5 
yrs.   old  ami   6.8 
months  in  milk. 

Fat  in 
milk. 

Approxl- 

mataooBt 

of  food 

for  one 

lb.  of 

milk. 

l>ry 
matter 
Infood 
for one 
lb.  of 
mUJc 

Drjr 
matter  In 
food  for 
one  lb. 
of  milk 
■ollds. 

Digest* 
Ible  dry 
matter  In 
food  for 
each  lb. 
of  milk 
■ollds. 

iVro*. 
4.1 

4.1 

.70 
.69 

Lbs. 
1.1 

1.1 

Lb9, 

7.9 
8.0 

5.2 
5.5 

THB  AMOUNT   OF   NUTRIBNT8   BUT  LITTLB   OHANOKD    WHBN 
ABOVE  15.6  LBS. 

By  grouping  without  regard  to  the  amount  of  protein  those 
records  in  which  the  amount  of  nutrients,  when  above  15.5  lbs. 
per  1000  lbs.  live  weight,  was  but  little  changed,  the  following 
data  are  found.  There  was,  in  a  majority  of  cases  and  on  the 
average,  considerable  reduction  in  the  amount  of  protein.  The 
diminution  in  milk  flow  was  at  about  twice  the  usual  rate.  The 
gain  in  live  weight  was  considerably  greater  after  the  change 
than  before. 
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Table  VII.— Thb  Amount  of  Nutrients  Above  15.5  Lbs.  but  Little 
Changed. 


Average  of  42  rec- 
ords from  cows 
averaging  5.9 
yrs  old  and  6.4 
months  in  milk. 


s> 

B       Before 
"^      After 


«t3  Before 
'  *  After 


£' 


PXB  10(10  LBa.  Lire  Wkioht. 


Atkraob  Pbb 

DAT  P«B  Cow. 


Total 
dlfcestp 
ibi«  or- 

gmaic 
matter. 


15.8 
15.6 


Digest- 
ible 
pro* 
teln. 


Lba. 
2.07 

1.84 


Fuel 
ralue. 


Cal. 
31,945 

31,988 


Nutri- 
tive 
ratio. 


1:7.6 

1:8.5 


Milk 
yield. 


IJta. 
23.0 

21.8 


Fat  III 
ralllc. 


Lb». 
.96 

.93 


Approxi. 

Dry 

Dry 

mate  cost 

matter 

mati^-r  In 

Fat  In 

of  food 

In  food 

food  for 

milk. 

for  nne 

for  one 

outt  lb. 

lb.  of 

lb.  of 

of  milk 

milk. 

milk. 

soUdtf. 

Perct. 

Cto. 

Lba. 

Lba. 

4.2 

.68 

1.0 

7.6 

4.2 

.66 

1.0 

7.7 

Dlsent- 
Ibledry 
matter  In 
food  for 
each  lb. 
of  milk 
soUda. 


Lba. 
5.1 

5.4 


THH  AMOUNT  OF  NUTRIENTS  BUT  LITTLB  CHANQIOD  WHEN  BELOW 

15.5  LBS. 

The  average  for  84  records  when  the  amount  of  nutrients,  less 
than  15.5  lbs.  per  day  per  1000  lbs.  live  weight,  was  but  little 
changed,  gives  the  data  in  the  following  table.  There  was  no 
change,  on  the  average,  in  the  amount  of  protein.  The  shrink- 
age in  milk  flow  was  considerably  less  than  usually  occurs. 
There  was  the  same  moderate  rate  of  gain  in  live  weight  before 
and  after  the  chajage  of  ration* 
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Tablb  VIII.— Thb  Amount  of  Nutrients  Biclow  15.5  Lbs.  but  Littia 

Changed. 


Pea  1000  LB8.  Lnra  Wbobt. 

ATxnAOR  Per 
DatPbrCow. 

Total 
dlgeM- 
Ible  oi^ 

ganlo 
matter. 

Fael 
▼alne. 

Nutri- 
tire 
raUo. 

Milk 
yield. 

Fat  la 
milk. 

For  about  17  days  before  change 
and  17  days  after. 

Lb9. 
U.6 

U.7 

LbM.         CaL 

2.05  29,072 
2.04   29,209 

1:7.0 
W.O 

LbB. 

20.2 
19.9 

Lb9. 
.87 

.83 

Average  of   84  ree- 
ords    from    cowa 
aveiHjriiig  4.2  yrs. 
old  an<l  6.1  months 
in  milk. 

Fat  In 

Approzl' 

mateoort 

of  food 

for  one 

lb.  of 

milk. 

matter 
in  food 
for  one 
lb.  of 
milk. 

Dry 

matter  In 

food  for 

one  lb. 

of  milk 

solids. 

Digest. 
IbledrT 
matter  in 
food  for 
each  lb. 
of  milk 

solids. 

Pn-ot. 
4.3 

4.2 

Ota. 
.76 

.76 

Lb9, 
1.0 

1.0 

7.5 
7.7 

Lb§. 
4.9 

6.1 

AN  INCREASE  IN  THE  AMODWT  OF  NUTRIENTS  WITH  BUT   LITTLE 
CHANGE  IN  PROTEIN. 

The  average  of  73  records  which  cover  periods  when  this 
change  in  the  ration  was  made  is  shown  in  the  following  table. 
No  shrinkage  in  milk  flow  followed,  on  the  average,  but  instead 
a  very  slight  increase.  There  was  a  little  loss  in  live  weight 
before  the  change  and  a  good  average  rate  of  gain  afterward. 
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Tabls  IX.^Thk  Amount  or  Total  Nutriknts  Inobeassd,  with  Littlb 
Chanok  or  Protein. 


PKft  1000  Lbs.  Lire  Whobt. 

Ateraoc  Pcb 
Day  Per  Oow. 

Total 

Ib^or- 
gaalo 
matter. 

rnel 

TAlnO. 

Nntrl- 
tire 
ratto. 

Kllk 
yield. 

Fat  In 
milk. 

S)      Before 
1      After 

fi 

8 

21  Before 
^       After 

13.9 
15.9 

LbB,         CdL 
2.04   27,985 

2.06   32,575 

1:6.4 
1:7.7 

Lb9. 

22.2 
22.3 

Lb$. 
.91 

.90 

Average  of  73  rec- 
ords   from    cowB 
averaging  4.7  yrs. 
old  and  4.6  months 
in  milk. 

rat  in 
milk. 

Approxt. 

mateoott 

of  food 

for  one 

lb.  of 

milk. 

Dry 
mutter 
Id  food 
for  one 
lb.  of 
milk. 

Dry 
mattertn 
food  for 
one  lb. 
of  milk 
•oUds. 

Digest- 
ible dry 
matter  In 
food  for 
each  lb 
of  mtik 

■oUda. 

4.1 
4.0 

Ct9. 

.70 
.72 

Lba. 
.8 

1.0 

6.5 
7.5 

4.3 

4.9 

AN  INGRBA8B  IN  AMOUNT  OF  NUTRIBNTS  AND  ALSO  OF  THB  PROTEIN. 

The  average  from  132  records,  each  of  which  cdvers  periods 
when  this  change  in  the  ration  was  made,  gives  the  data  of  the 
following  table.  Less  than  the  usual  diminution  in  milk  flow 
followed  the  change.  There  was  but  a  very  moderate  increase 
in  live  weight  under  either  ration. 

e 


Digitized  by 


Google 


82      Report  of  Department  of  Animal  Husbandry  of  thb 

Table  X.— Thk  Amount  oir  Total  Nutribnts  Inoreasbd  and  also  thb 

Protkin. 


Pbb  1000  Lag.  Live  VVbiobt. 

AVBKAOB  PBR 

Day  Pbb  Cow. 

Total 
digest- 
ible or- 
ganic 
matter. 

DlKebt- 
Ible 
pro- 
teln. 

Fuel 
value. 

Nntri- 
Uve 
raUo. 

MUk 
yield. 

Fat  In 
milk. 

1 

.a 

1 

'O  eS 

il 

Is 

airs 

1- 

Before 
After 

Before 
After 

Lb8, 
14.5 

16.0 

Lb*, 
2.03 

2.44 

Cal 
28,633 

31,863 

1:6.9 
1:7.0 

Lb». 
22.4 

22.1 

LbB. 
.90 

.89 

AverngH  of  132  rec- 
conis   fioiu    cows 
a  V  »•  r  a  g  i  D)?    4.6 
3T>.  old    and    4.9 
moutliB  in  luilk. 

Fat  In 
milk. 

Approxi- 
mate eo«t 
of  food 
for  one 
lb.  of 
milk. 

matter 

In  food 

for  one 

lb.  of 

milk. 

Dry 
matter  in 
food  for 
one  lb. 
of  milk 
•oUda. 

I>lge«t- 
ible  dry 
matter  in 
food  for 
each  lb 
of  milk 
•ollda. 

Par  ot, 
4.0 

4.0 

CU. 
.70 

-71 

Lbs, 
.9 

1.0 

LbB. 

7.1 

7.8 

Lbs. 
4.5 

5.1 

AN  INOREASB  IN  THE  AMOUNT  OF   NUTRIENTS  WITiI  A  REDUGTON  OF 

THE   PROTEIN. 

The  average  of  63  records  when  this  change  in  the  ration 
occurred  shows  no  shrinkage  in  the  milk  flow  but  a  very  slight 
increase.  There  was  an  average  gain  in  weight  of  about  one 
pound  per  day  after  the  change,  about  twice  as  much  as  pre- 
ceded it. 
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Table   XI.— Thk   Amoont    ov     Fotal    Nutkibnts    Ikobeased    akd    the 

Protkin  Reduced. 


PKR  lOQO  LBS.  LITB  WdOHT. 

ATERAOC  PXR 

Day  Pkr  Cow. 

ToUl 
digest- 
ible oi^ 
ganic 
matter. 

at. 

Fool 
Talue. 

Katrl- 
tlve 
ratio. 

Ullk 
yield. 

Fatiu 
milk. 

1      Before 
"S       After 

1 

U 

«•«   Before 
£      After 

14.7 
16.5 

LbB. 

2.68 
2.22 

OaL 
29,318 

32,882 

1:5.2 
1.-7.0 

21.1 
21.2 

.86 
.88 

Average  of  6S  ree- 
ordB    from   cows 
averaging      5 
yrs.  old  and    6.9 
months  in  milk. 

Fat  In 
milk. 

Approxl. 

mateooat 

of  food 

for  one 

lb.  of 

milk. 

mattor 
in  food 
for  one 
lb.  of 
milk. 

Dry 
matter  In 
food  for 
cue  lb. 
of  milk 
■olkU. 

Digest- 
ible dry 
matter  in 
fo<»d  f«>r 
eacb  lb. 
of  milk 
•oUds. 

i\rrel. 
4.1 

4.2 

Ota. 
.72 

.74 

JUe. 
1.0 

1.1 

7-8 
8.4 

Lbs. 
5.0 

6.5 

AN  INGRBASB  IN  AMOUNT  OF  NtTTRISNTS  TO  NOT  MORS)  THAN  15.5  LBS. 

The  average  of  111  records,  in  each  of  which  there  was  an 
increase  in  the  amount  of  nutrients  to  not  exceeding  15.5  lbs. 
per  day  per  1000  lbs.  live  weight,  is  shown  in  the  following  table. 
The  average  increase  in  nutrients  was  slight  but  the  usual 
shrinkage  in  milk  flow  did  not  occur.  In  61  instances  there  was 
a  decided  increase  of  protein  in  the  ration,  in  24  instances  a 
decided  reduction  and  in  26  instances  little  change.  There  was 
but  slight  average  gain  in  live  weight. 

With  but  little  oha/nge  in  amount  of  protem. — ^The  average  of 
the  26  records  in  which  little  change  in  the  amount  of  protein 
occurred  shows  a  trifle  less  than  the  usual  diminution  of  milk 
yield  expected  at  this  stage  of  lactation.  The  average  increase 
in  amount  of  nutrients  was  but  little.  A  slight  loss  in  live 
weight  occurred.    See  A  in  Table  XII. 

With  an  increase  in  the  amount  of  prcievn, — Sixty-one  records 
show  a  slightly  greater  average  yield  of  milk  following  the  mod- 
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erate  increase  of  the  total  nutrients  and  more  pronounced  in- 
crease of  protein.  There  was  practically  no  change  in  live 
weight  on  the  average.    See  B.  Table  XII. 

With  reduction  of  the  proieim. — In  C,  Table  XII,  are  the  data 
from  the  24  records  when  with  a  little  increase  of  the  total 
nutrients  there  was  considerable  reduction  of  the  protein.  But 
very  slight  shrinkage  in  the  milk  flow  occurred.  There  was  a 
moderate  rate  of  gain  in  weight  before  the  change  and  a  more 
rapid  one  afterward. 

AN  INORBASE  OP  TOTAL  NUTRIENTS  PROM  LESS  THAN  15.5  LBS.  TO 
MORE  THAN  15.5  LBS. 

In  the  following  table  are  the  average  data  from  IIG  records 
when  this  increase  in  the  ration  was  made.  The  average  milk 
yield  suffered  none  of  the  usual  diminution.  There  was  a  slight 
average  loss  in  live  weight  before  the  change  of  ration  and  a 
gain  of  over  one  pound  per  day  per  cow  afterward. 

With  hut  little  change  in  amount  of  protein. — ^The  average  of  47 
records  when  with  the  above  increase  of  nutrients  there  was 
but  little  change  in  protein  is  shown  in  A  of  Table  XIII.  Con- 
siderable increase  in  milk  yield  followed.  There  was  consider- 
able loss  in  live  weight  before  the  change  and  an  average  gain 
of  about  two  pounds  per  day  afterward. 

With  an  increase  of  the  protein. — The  average  data  from  43 
records  are  given  in  B  of  the  same  table.  In  each  of  these  there 
was  an  increase  in  the  amoimt  of  protein  averaging  about  20 
per  ct.  The  shrinkage  in  milk  flow  slightly  exceeded  the  normal 
rate.  There  was  a  loss  in  live  weight  before  the  change  of 
ration  and  a  good  rate  of  grain  afterward. 

With  a  reduction  of  the  protein. — ^The  average  of  26  records  in 
each  of  which  the  amount  of  protein  was  reduced  is  given  in  C 
of  the  table.  While  the  amount  of  digestible  protein  per  day 
was  reduced  about  one-half  pound-,  the  average  amount  did  not 
fall  below  2J  lbs.  An  increase  in  milk  flow  followed  the  change 
and  but  slight  increase  in  the  cost  of  production.  There  was  a 
good  rate  of  gain  in  live  weight. 
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AN  INORDASB  OP  THE  TOTAL  ^aTTRIBNTS  WHBJN  MORS  THAN  15.5  LBS. 

In  Table  XIV  are  the  average  data  from  41  records  when  the 
amount  of  total  nutrients  above  15.5  lbs.  was  increased.  There 
was  on  the  average  a  slight  increase  in  the  amount  of  protein. 
The  diminution  in  milk  flow  following  the  change  was  consider- 
ably less  than  usually  occurs  during  the  same  time  without 
change  in  the  ration.  There  was  a  good  average  gain  in  weight 
before  the  change  but  not  afterward. 

With  an  increase  of  protein, — Twenty-eight  of  the  records  in 
each  of  which  there  was  an  increase  of  the  protein  show  about 
the  same  average  results  as  all  the  above  (B,  Table  XIV).  There 
was  a  good  gain  in  weight  before  the  change  but  some  loss  after- 
ward. 

With  a  reduction  of  protein, — Only  13  records  show  the  increase 
of  nutrients  with  a  reduction  in  the  amount  of  protein.  There 
was  but  light  shrinkage  in  the  milk  flow.  There  was  a  good 
rate  of  gain  in  weight  which  became  much  slower  after  the 
change. 

A  RBn3U0TI0N  IN  THE  AMOUNT  OP  TOTAL  NTTTRIBNTS  WITH  BUT  LITTLH 
CHANGB  IN  AMOUNT  OP  PROTMN. 

The  average  data  from  82  records,  each  of  which  covers  a 
period  when  this  change  in  the  ration  was  made,  are  given  in 
Table  XV.  The  average  reduction  of  nutrients  was  only  about 
one  pound.  The  shrinkage  in  milk  flow  was  a  little  faster  than 
would  usually  occur.  The  moderate  rate  of  gain  in  live  weight 
was  not  afl^ected. 
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Table  XV.—Thib  Amount  op  Nutriknts  Rrduord  with  Littlr  Changs 

OF  Protbin. 


Put  1000  Lbs.  Lmi  Wbxobt. 

avkbaob  pcr 
Day  Pwi  Oow. 

Total 
digest- 
ible or- 
ganic 
matter. 

Fuel 
▼alne. 

Nutri- 
tive 
ratio. 

Milk 
yield. 

Fat  In 

For  about  18  days  before  change 
and  18  days  after. 

H       .     If 

9                                                                      ® 

15.4 
14.4 

2.12 
2.(^ 

Col 
30,628 

28,530 

1:6.9 
1:6.7 

£te. 
21.3 

20.6 

ZJb». 
.93 

.90 

Averaf^e  of  82   reo- 
i»rd8    from     cow« 
a  veragi  ii  g  4.7 
yi8.   old  and    5.7 
months  in  milk. 

Fat  in 
milk. 

mate  cost 
of  food 
for  one 
lb.  of 
milk. 

Dry 

matter 

In  food 

for  one 

lb.  of 

milk. 

Dry 
matter  In 
food  for 
one  lb. 
of  milk 
solids. 

DIgestr 
Ible  dry 
matter  in 
food  for 
each  lb. 
of  milk 

solids. 

FnrcL 

4.4 

4.4 

Cite. 
.73 

.74 

Lb9, 
1.0 

1.0 

Lb9. 

7.7 
7.3 

Lba. 
5.0 

4.9 

A  rudugtion  in  amount  of  total  nutribnts  with  an  ingrbasr 

OF  PROTBIN. 

The  following  table  shows  the  average  from  72  records  when 
this  change  in  the  ration  occurred.  The  falling  off  in  milk  yield 
was  considerably  greater  than  is  usual.  The  rate  of  gain  in  live 
weight  was  about  three-fourths  pound  per  day  before  the  change 
and  less  than  half  as  fast  afterward.  There  was  an  increase  in 
cost  of  milk  production* 
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Table  XVI.— The  Amount  of  Nutribnts  Reduced  with  an  Increase  op 

Protein. 


Pkr  1000  Lbs.  Livk  Wbioht. 

▲VKRAOK  PKB 

Day  Pkr  Cow. 

Total 
dlgeB^ 
ible  or- 
ganic 
matter. 

as: 

Fuel 
value. 

Nntrl- 
ratio. 

Milk 
yield. 

Fat  la 
milk. 

For  aboat  21  days  before  cLange 
and  18  days  after. 

i|          If 

Lbs. 
1.16 

14.6 

LbB. 
2.10 

2.54 

Col. 
32,494 

29,023 

157.5 
1:5.2 

Ub$ 
22.6 

21.6 

Lbs. 
.90 

.88 

Average  of  72  rec- 
oixls   from    cows 
averaging  5.2 
yrs.  old  and  5.3 
months  in  milk. 

Fat  In 
milk. 

mate  cost 

of  food 

for  one 

lb  of 

milk. 

Dry 

matter 

In  food 

for  one 

lb.  of 

milk. 

Dry 

matter  In 

food  for 

one  lb. 

of  milk 

BOlidS. 

DlgWJt- 
Ible  dry 
matter  In 
food  for 
each  lb. 
of  milk 
•oUds. 

PtrcL 
4.0 

4.1 

Cto. 
.70 

.78 

ZJba, 
1.0 

1.0 

LbM. 

7.8 
7.5 

IAb. 
5.2 

4.9 

A  RBDUOTION  IN  AMOUNT  OF  TOTAL  NUTRIBNTS  AND  OF  PROTEIN. 

In  Table. XVII  are  the  average  data  from  109  records,  each  of 
which  covered  periods  when  this  reduction  was  made.  The 
diminution  in  milk  yield  was  about  twice  as  much  as  would  nor- 
mally occur  under  ample  unchanged  rations.  The  rate  of  gain 
in  live  weight,  which  was  over  one-half  pound  per  day,  became 
very  slow  after  the  change  of  ration. 
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Table  XVII.— The    Amount    op    Nutrients    Reduced  and  Also    the 

Prqtbin. 


Pn  lOOC  LB8.  Lite  Wbobt. 

Atkbaob  Pbb 
DAT  Pk»  Cow. 

Total 

Ible  or- 
ganic 
matter. 

Foe! 
▼aiae. 

Nntrl- 
Uve 
ratio. 

MUk 
yield. 

Fat  In 
milk. 

For  about  17  days  before  change 
and  17  days  after. 

Lb9. 

16.8 
14.7 

LbB. 
2.41 

2.03 

83,478 
29,519 

1:6.6 
1:7.2 

Lb9, 

22.2 
20.5 

JLte. 
.90 

.85 

Average  of  109  rec- 
ords   from    cows 
are  raffing  ^-S 
yrs.  old  and   5.9 
mouths  ill  milk. 

IMln 
milk. 

Approxi- 
mate cost 
of  food 
for  one 
lb.  of 
milk. 

Dry 
matter 
In  food 
for  ODO 
lb.  of 
mUk. 

Dry 
matter  la 
food  for 
one  lb. 
of  milk 
sollda. 

Dlgealr 
Ible  dry 
matter  In 
food  for 
each  lb. 
of  milk 
■ollda. 

4.1 
4.1 

Cto. 
.72 

.73 

LbB. 

1.0 

1.0 

Lfm. 
8.1 

7.5 

5.4 

5.0 

REDUCING  THE  AMOUNT  OF  NUTRIENTS   WHEN   LESS  THAN   15.5  LB8. 

The  average  data  from  127  records,  each  of  which  covers  a 
[period  when  the  amount  of  total  nutrients,  in  no  case  exceeding 
15.5  lbs.  per  day  per  1000  lbs.  live  weight,  was  reduced,  are 
found  in  Table  XVIII.  The  average  reduction  was  a  moderate 
one.  The  milk  flow  diminished  somewhat  more  rapidly  than  is 
usual  under  a  continuously  favorable  ration.  The  rate  of  gain 
in  live  weight  was  slow. 

With  hut  little  change  of  protein. — ^The  average  of  67  records 
when  there  was  but  little  change  of  protein  with  the  moderate 
reduction  of  the  total  nutrients,  shows  a  little  less  than  the 
normal  shrinkage  in  milk  flow.  Little  increase  in  live  weight 
occurred.    (A,  Table  XVIII.) 

With  an  increase  of  protein. — ^There  are  27  records  in  which 
there  was  a  decided  increase  of  protein  in  the  ration.  The  aver- 
age shrinkage  in  milk  was  greater  than  normally  occurs.  There 
was  little  change  in  live  weight.    (B,  Table  XVIII.) 
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With  a  reduction  of  protein. — ^The  average  from  33  records 
when  there  was  a  reduction  of  protein  as  well  as  of  total  nutri- 
ents is  shown  in  C  of  the  same  table.  These  cows  were  some- 
what younger  and  the  stage  of  lactation  a  little  later  than  with 
the  others.  The  shrinkage  in  milk  flow  was  at  about  twice  the 
normal  rate  for  this  stage  of  lactation.  There  was  a  good  gain 
in  weight  before  the  change  but  much  less  afterward. 

RBDUCINO  THE  AMOUNT  OF  NTJTRIENTS  FROM  ABOVE  15.5  LBS.  TO 
LESS  THAN  THAT  AMOUNT. 

Table  XIX  shows  the  average  from  86  records  when  this 
reduction  in  the  amount  of  nutrients  was  made.  The  shrinkage 
in  milk  flow  was  at  twice  the  normal  rate  under  a  favorable 
ration.  There  was  an  average  gain  in  weight  of  about  three- 
fourths  pound  per  daj  before  and  none  after  the  change  of 
ration. 

With  an  increase  of  protein. — ^In  45  of  the  above  records  there 
was  an  increase  of  protein.  These  show  an  average  falling  ofif 
in  milk  production  slightly  greater  than  normally  occurs.  The 
average  gain  in  weight  was  at  the  rate  of  about  one  pound  per 
day  before  the  change  of  ration  and  less  than  half  as  much  after- 
ward.    (B,  Table  XIX.) 

With  a  reduction  of  protein, — In  41  records  there  was  a  reduc- 
tion of  the  protein.  These  show  a  shrinkage  in  milk  flow  at 
about  three  times  the  normal  rate.  There  was  a  moderate  gain 
in  live  weight  before  and  considerable  loss  after  the  change  of 
ration.    (C,  Table  XIX.) 

REDUCING  THE  AMOUNT  OF  NUTRIENTS  TO  NOT  LESS  THAN   15.5  LBS. 

The  averages  from  50  records,  each  of  which  covers  a  period 
when  this  reduction  of  nutrients  was  made,  are  found  in  Table 
XX.  There  was,  on  the  average,  considerable  reduction  of  pro- 
tein. The  milk  flow  diminished  somewhat  more  rapidly  than 
usual.  The  rate  of  increase  in  live  weight  was  a  good  one  but 
somewhat  slower  after  the  change  of  ration. 
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With  hut  lUtlc  change  of  protein. — There  were  only  15  records 
when  but  little  change  of  protein  occurred.  There  was  a  falling 
oflp  in  milk  yield  greater  than  usual.  The  gain  in  live  weight 
was  at  the  rate  of  about  one-half  pound  per  day  before  and  at 
about  one-third  pound  per  day  after  the  change. 

With  9ome  reduction  of  protein. — The  average  from  35  records 
when  there  was  a  reduction  of  protein  shows  something  more 
than  the  normal  shrinkage  in  milk  flow  (0,  Table  XX).  The 
rate  of  increase  in  live  weight,  over  a  pound  per  day  before  the 
change  of  ration,  was  about  half  as  much  afterward. 

REMARKS. 

The  proportional  increase  or  reduction  of  the  total  nutrients 
in  coyesponding  groups  was  not  always  regular  but  varied  con- 
siderably. In  general  the  milk  flow  increased  most  or  dimin- 
ished least  when  the  highest  percentage  of  increase  was  made  in 
the  amount  of  total  nutrients,  without  regard  to  the  protein 
content.  Among  the  groupings  of  records  in  which  the  amount 
of  nutrients  was  reduced,  the  most  rapid  shrinkage  in  milk 
flow  occurred  generally  when  the  percentage  reduction  of  nutri- 
ents was  greatest,  although  this  usually  was  associated  with  a 
reduction  of  the  protein. 

A  statement  of  the  general  results  accompanying  changes 
which  related  to  different  amounts  of  total  nutrients,  is  given 
in  the  summary. 

THE  ENERGY  OF  THE  RATION. 

As  a  rule,  the  fuel  value  of  the  ration  changed  in  about  the 
same  proportion  as  the  amount  of  total  nutrients,  but  not 
always.  Occasionally  quite  a  different  relation  was  caused  by 
the  unusual  proportion  of  fat  existing  in  some  of  the  grain 
products  fed.  At  the  time  many  of  these  records  were  made 
cottonseed  meal  and  some  gluten  feeds  contained  over  13  per 
cent,  of  fat,  gluten  meals  from  12  to  21  per  cent.,  and  the  ground 
flaxseed  about  38  per  cent 
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The  different  individual  records  were  all  grouped  and  averaged 
according  to  variations  in  the  fuel  value  above  and  below  30,000 
Calories  per  day  per  1000  lbs.  live  weight.  In  general,  with 
the  food  used,  a  ration  with  a  fuel  value  of  30,000  Oal.  would 
contain  15  lbs.  of  total  digestible  organic  matter. 

As  would  be  expected  the  comparisons  pf  rations  on  the  basis 
of  energy  showed  the  same  general  tendencies  evidenced  by  the 
comparison  of  somewhat  related  groupings  made  according  to 
the  amount  of  total  nutrients,  although  the  effect  of  the  protein 
relation  was  more  evident. 

Statement  of  the  general  results  which  accompanied  changes 
in  the  fuel  value  of  the  ration  will  be  found  on  p.  63  in  the  gen- 
eral summary. 

THE  PROTEIN  CONTENT  OP  THE  RATION. 

In  formulating  rations  more  consideration  has  been  always 
given  to  the  protein  than  to  other  constituents  both  because  it  is 
so  essential  and  because  it  is  so  seldom  found  in  excess  in  the 
cheaper  foods.  The  nutritive  ratio  is  based  upon  the  relative 
amount  of  protein.  The  absolute  amount  desirable  in  a  ration 
has  also  been  indicated  in  the  standards.  The  data  from  the 
groupings  of  the  different  records  made  with  relation  to  the 
absolute  amount  of  protein  are  here  presented.  Those  from 
comparisons  made  on  the  basis  x)f  nutritive  ratio  are  later  con- 
sidered. 

LITTLE  CHANGE  IN  THE  PROTEIN  CONTENT?. 

The  average  data  from  91  records  which  covered  periods  when 
little  change  in  the  amount  of  protein  was  made,  although  there 
was  some  increase  of  the  total  organic  nutrients  in  the  ration, 
are  found  in  Table  XXI.  The  falling  off  in  milk  yield  was  less 
than  the  normal  amount.  The  rate  of  gain  in  live  weight  was 
slow  but  somewhat  faster  before  the  change  than  after. 
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Table  XXI.— Littlk  Changk  in  the  Amount  of  Protein. 


For  1000  Lbs.  Live  Wbiobt. 

ATKRAOB  Per 
Day  Pbr  Cow. 

Total 
dlge8^ 

Ible  or- 
ganic 

matter. 

Fael 
valae. 

Nntri- 
tire 
rauo. 

Milk 
yield. 

Fat  In 
milk. 

&      Before 
1      After 

1 

^^ 

ei'o   Before 
&  ""  After 

LbB. 

14.6 
15.5 

Lb9. 
2.01 

2.03 

Oak 
28,813 

31,611 

1:6.8 
1:7.5 

LbB, 
21.1 

20.7 

LbB, 
.91 

.91 

Averojfo  of  91  rec- 
ord h    from     cows 
averajring    4.5 
yrs.   old   and    4.9 
muiiths  io  milk. 

Fat  la 
milk. 

Approxi- 
mate coat 
of  food 
for  one 
lb.  of 
milk. 

Dry 
matter 
Id  food 
for  oue 
lb.  of 
milk. 

Dry 
matter  In 
food  for 

one  lb. 
of  milk 

soUdi. 

Digest- 
ible dry 
matter  In 
food  for 
each  lb. 
of  milk. 

aoUdB. 

reret. 
4.3 

4.4 

Ct8. 

.73 
.75 

Lbs. 
.9 

1.0 

Lba. 
6.9 

7.5 

LbB. 

46 
6.0 

AN  INCREASE  OP  PROTEIN. 

The  aTerap:e  of  273  records,  each  of  which  covers  a  period 
when  the  amount  of  protein  in  the  ration  was  increased,  is 
shown  in  Table  XXII.  There  was,  on  the  average,  also  a  slight 
increase  in  fuel  value.  The  shrinkage  in  milk  flow  was  about 
half  as  great  as  would  normally  occur.  The  very  moderate  rate 
of  gain  in  live  weight  was  somewhat  increased  by  the  change. 
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Table  XXII.— An  Incrbase  in  Amount  op  Protkin. 


Avernge  of  278  rec- 
ords from  cows 
averaging  4.5 
yrs.  old  nnd  5.2 
months  in  milk. 


&      Before 
-g      After 

2 

:.- 


rt-o  Before 

u  g 

iS      After 


Pbe  1000  Lbs.  Livk  Wbxoht. 


Total 
digest- 
IblH  or- 
ganic 
matter. 


ZJb9. 

14.9 
15.8 


Fat  In 
milk. 


PCT  Ctm 

4.1 
4.1 


Dlge8^ 
Ible 
pro- 


2.04 
2.43 


Fael 
▼alue. 


CaL 
29,725 

30,680 


Nutri- 
tive 
ratio. 


1:7.0 
1:6.0 


AVBSAOB  PBB 

DAT  Pbr  Cow. 


Utlk 
yield. 


Lba, 
22.5 

22.2 


Fatm 
mlik. 


LbM. 
.92 

.91 


Approxi- 

Dry 

Dry 

mate  cost 

matter 

ma(t«>r  in 

of  food 

Infood 

food  for 

for  one 

for  one 

one  lb. 

lb.  of 

lb.  of 

of  milk 

milk. 

milk. 

aollds. 

Cto. 

Lba, 

Lba. 

.69 

.9 

7.2 

.73 

1.0 

7.6 

Digest- 
ible dry 
matter  In 
food  for 
each  lb. 
of  milk 

solids. 


4.7 
4.9 


A  REDUCTION  OP  PROTBIN. 

The  average  from  297  records  which  cover  periods  when  the 
amount  of  protein  in  the  ration  was  reduced  give  the  data  in  the 
following  table.  There  was,  with  this  reduction,  a  slight  lower- 
ing of  the  fuel  value.  The  shrinkage  in  milk  yield  was  at  con- 
siderably more  than  the  normal  rate.  The  moderate  increase  in 
live  weight  was  not  afiPected  by  the  change. 
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Table  XXIII.— A  Reduction  in  Ahount  of  Pboteik. 


Pbe  1000  Lbs.  Litb  Wbobt. 

AVBRAOB  PBR 
DAT  PBB  OOW. 

Totia 
digests 
Ible  or- 
ganic 
matter. 

DlgM^ 
ible 
pro- 
ttfln. 

Fuel 
value. 

Nutri- 
tive 
ratio. 

Milk 
ylfld. 

Fat  In 
milk. 

For  about  17  days  before  change 
and  17  days  after. 

-*     3                                **     S 

LbB, 

15.8 
15.1 

Lba. 
2.38 

2.02 

Co*. 
31,456 

30,197 

1:6.4 
1:7.3 

Lb», 
21.5 

20.5 

Lba, 
.90 

.86 

Average  of  297  reo- 
ords    from     cows 
averaging   4.8 
yrs.    old  and  6.1 
months  in  milk. 

Fat  in 
milk. 

Approxi- 
mate (HMt 
of  food 
fur  one 
lb.  of 
milk. 

Dry 
matter 
In  food 
for  one 
lb.  of 
milk. 

Dry 

matter  In 

food  for 

one  lb. 

of  milk 

■ollda. 

Digesti- 
ble drj 
matter  In 
food  for 
each  lb. 
of  milk 
■oUda. 

Ftrct. 
4.2 

4.2 

Ct8, 

.74 
.76 

Lbs. 
1.1 

1.1 

80 
7.8 

Lba. 
5.3 

5.2 

LITTLB  CHANGE  OP  PROTEIN  AND  IN  THB  AMOUNT  OF  NUTRIHNTa 

On  the  ayerage  for  49  records  when  there  was  little  change  in 
the  amount  of  protein  or  of  the  total  nutrients  there  followed 
about  the  norn^al  reduction  in  the  milk  yield.  The  moderate 
rate  of  gain  in  weight  was  not  much  influenced.  The  following 
table  contains  the  average  data. 
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Tablb  XXIV.— Ltttlb  Chanob  in  Pbotbin  and  Amount  of  Totai. 

Ndtribntb. 


FBft  1000  LBI.  LIYS  WUOBT. 

ATSnAQS  Pbb 

Day  Pu  Cow. 

Total 

Ibleotw 

ganlo 

mattar. 

Ftaal 

▼alue. 

Mutrt. 

tlTO 

ratio. 

mk 
yield. 

Ffttto 
milk. 

For  about  18  days  before  ehange 
and  18  days  after. 

14.8 
14.4 

1.84 
1.84 

28^ 
28; 124 

1:7.3 
1:7.4 

Lb9. 

19.1 
18.6 

.86 
.82 

Average  of  49  reo- 
orda    from     cows 
averaging   4.1 
jrs.   old   and   4.9 
months  in  milk. 

Pat  In 
milk. 

Approxl* 
mate  cost 
of  food 
for  one  ■ 
lb.  of 
milk. 

matter 
Infood 
for  one 
lb.  of 

millr. 

Dry 
matter  to 
food  for 
one  lb. 
of  milk 
■oUda. 

Digest* 
ibledrr 
matter  In 
food  for 
each  lb. 
of  milk 

lollda. 

Aret 
4.5 

4.4 

Cto. 
.75 

.78 

Lb9, 
1.0 

1.0 

LbM, 

7.2 
7.4 

4.8 
4.9 

LmXiB  ghanob  of  pbotbin  with  an  inorbasb  in  amount  of 

NUTBIBNTB. 

Thirty-five  records  for  periods  when,  with  little  change  in  the 
amount  of  protein,  there  was  an  increase  of  total  nutrients 
show  on  the  average  a  slight  increase  in  the  milk  flow — ^without 
change  in  the  cost  of  production.  There  was  a  slight  gain  in 
weight  before  the  change  of  ration  and  some  loss  in  weight 
afterward. 
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Tablk  XX7.— Littlb  Chanqk  ov  Protein  with  an  Ikobkaab  of 
"  Total  Nutbie^ts. 


PBft  1000  Lbs.  Utb  Wmiam. 


Total 

Ible  or- 
ganic 


Dlswl- 
lbl« 
pro- 
toln. 


ra«l 
▼aloe. 


Nntrf- 
tlve 
ratio. 


Atbiuos  Pkr 
DAT  Pb»  Cow. 


KUk 
yield. 


ratln 
milk. 


Average  of  S5  reo- 
orda  irom  cows 
averaging  4.5 
yrs.  old  and  5.0 
months  ia  milk. 


9      Before 
9      After 

I 

as. 

•S;::  Before 
(gS  After 


Lbt. 
14.2 

16.8 


Lb9. 

2,23 
2,28 


Oal 
28,197 

35,832 


1:5.8 
1:7.4 


Xte. 
22.4 

22.5 


£l»f. 


.96 
.97 


Fat  la 

mUk. 


Approxi- 
mate cost 
of  food 
for  one 
lb.  of 
milk. 


Psret. 
4.8 

4.3 


Cite. 
.74 

.74 


Dry 

Dry 

matter 

matter  In 

In  food 

food  for 

for  one 

one  lb. 

lb.  of 

of  milk 

milk. 

SOlldB. 

IM. 

Lb9. 

.9 

6.4 

1.1 

7.8 

Digest- 
ible dry 
matter  In 
food  for 
each  lb. 
of  milk 
sotldA. 


Lbt. 


4.2 
5.1 


AW  INOBHA8E  OF  PBOTBIXN  WITH  LITTLB  OHANGB  IN  AMOUNT  OF 

NUTBIIDNTB. 

The  average  of  65  records  shows,  following  this  change  in  the 
ration,  about  the  normal  diminution  in  milk  flow  or  slightly  less. 
There  was  a  slight  average  loss  in  live  weight  before  and  none 
after  the  change. 
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Taolk  XJCVI.— An  Ikcbkase  of  Protein  with  Little  Chakqb 
OF  Nutrients. 


** 

PsB  1000  LBt.  Lira  Wbqht. 

ATBRAOX    PKB 

Day  Pbr  Cow. 

. 

Total 
digest- 
ible or- 
ganic 
matter. 

pro- 
teln. 

Fael 
▼alue. 

NntTl- 
tlvo 
ratio 

Milk 
yield. 

Fat  In 
milk. 

a,      Before 

u 

§      After 

i 

11 

rt*^   Before 
1*  After 

Lba, 
14.3 

14.0 

Lbs. 
1.91 

2.28 

Oal. 
28,825 

29,167 

1:7.2 
1:6.0 

H>9. 
21.9 

21.4 

Lba. 
.92 

.88 

Average  ©f  A  rec- 
ords   from    oows 
averaging     4.5 
yrs.    old  and  5.0 
months  in  milk. 

Fat  in 
milk. 

Approxi- 
mate cost 
of  food 
for  one 
lb.  of 
milk. 

Dry 

mstier 

In  food 

for  one 

lb.  of 

milk. 

Dry 

matter  In 

foo<i  for 

one  lb. 

of  milk 

solids. 

Digest- 
ible dry 
matter  U 
food  for 
each  lb. 
of  mtlk 
solids. 

Ptf  ct. 

4.2 
4.1 

Ct$. 
.65 

.68 

.9 
1.0 

6.8 
7.8 

Lbs. 

4.4 

4.7 

AN  INCRBASB  OP  PROTEIN  AND  OP  TOTAL  NUTRIENTS. 

One  hundred  .and  thirty-four  records,  each  of  which  covers  a 
period  when  there  was  an  increase  of  total  nutrients  with  that 
of  the  protein,  show,  on  the  average,  no  shrinkage  in  the  milk 
yield.  Without  change  of  ration,  there  is  usually  expected,  dur- 
ing a  similar  period,  at  this  stage  of  lactation,  a  diminution  of 
about  2.5  per  cent.  The  very  slow  rate  of  gain  in  live  weight 
was  moderately  increasud. 
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Tablb  XXVII.— An  Inorrasr  of  Protein  and  of  Total  Nutriknts. 


Pbr  1000  Lbs.  Litk  Weight. 

ATKRAOK  PER 

DAT   Psa  Oow. 

Toul 

Ible  ox^ 
ganlc 
matter. 

Fuel 
valoa. 

Nutri- 
tive 
ratio. 

Milk 
yield. 

Fat  In 
milk. 

1 
1 

-g'd 

{Z4 

Before 
After 

Before 
After 

14.5 
16.2 

LbB. 

2.03 
2.42 

Cal. 
28,734 

32,479 

1:6.9 
1:6.5 

LbB. 
22.8 

22.8 

Lb9. 

.91 
.91 

A  verage  of  134  rec- 
ords   from    C0W8 
averagi  ng  4.9 
yrs.  old   aud    5.0 
months  in  milk. 

Fat  in 
milk. 

Approxi- 
mate cost 
of  food 
for  one 
lb.  of 
milk. 

Dry 
matter 
In  food 
for  one 
lb.  of 
milk. 

Dry 
matter  in 
food  for 
one  lb. 
of  milk 
solids. 

Digest- 
ible dry 
matter  in 
food  for 
eaoblb. 
of  mlU 

solids. 

4.0 
4.0 

Cite. 
.69 

.73 

Xte. 
.9 

1.0 

LbM. 
7.0 

7.8 

Lb9. 

4.5 
5.1 

AN  INCREASE  OP  PROTEIN  WITH  SOME  REDUCTION  OP  THE  TOTAL 

NUTRIENTS. 

The  average  data  from  74  records  when  the  change  in  ration 
was  of  this  character  are  found  in  the  following  table.  The 
milk  yield  diminished  somewhat  faster  than  it  normally  should. 
From  nearly  a  pound  per  day  the  average  rate  of  gain  in  live 
weight  fell  off  to  less  than  one-half  pound  per  day. 
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Tablr  XXVIII.— An  Increabs  of  Protein  with  a  Rbduotion  of  Total 

Nutrients. 


P«B  lOOU  Laa.  Live  Weight. 

ATSnAOB  Pkr 
DAT  FSB  Cow. 

Total 
dlffeat- 
Ible  or- 
ganic 
matter. 

Fuel 
Taloe. 

Natrl- 
raUo. 

Milk 
yield. 

Failn 

milk. 

1      Before 
•3      After 

Is 

cB-d  Before 
^      After 

16.0 
14.4 

ZJm.  > 
2.17 

2.55 

CaL 
32,30B 

28,751 

1:7.1 
1:5.2 

22.6 
21.7 

£5*. 
.90 

.89 

Average  of  74  rec- 
ords   Drom    cows 
averaging  5.1 
yrs.  old  aud  5.8 
months  in  milk. 

Fat  In 

milk. 

Approxi- 
mate coat 
of  food 
for  one 
lb.  of 
milk. 

matter 
In  food 
for  one 
lb.  of 
milk. 

Dry 
matter  la 
food  for 
one  lb. 
otmUk 
aoUda. 

Dlgeal* 
Ible  dry 
matter  In 
food  for 
each  lb. 
of  milk 
soiida. 

4.0 
4.1 

CM. 

.71 

.77 

Xlw. 
1.0 

1.0 

Xbt. 
7.8 

7.5 

5.1 

4.9 

AN  INCRBASB  OF  PROTEIN  WHEN  LE?BS  THAN  2  LBS.  AND  MORD  THAN 

1.6   LBS. 

One  hundred  and  twenty  seven  records  cover  periods  when  such  a 
change  was  made.  There  was  also  on  the  average  a  slight  in- 
crease in  the  total  nutrients.  The  average  data  are  given  in 
Table  XXIX.  The  milk  flow  diminished  scarcely  any.  There 
was  a  moderate  loss  in  live  weight  before  and  a  slow  gain  after 
the  change  of  ration. 

With  little  change  in  amount  of  nutrients. — When  the  amount  of 
nutrients  was  but  little  changed  in  53  instances  there  followed 
about  the'normal  falling  off  in  milk  production  (A,  Table  XXIX). 
Under  the  rations  fed  there  was  a  moderate  loss  in  live  weight. 

With  an  increase  of  total  nuirients. — When  there  was  an  in- 
crease of  the  total  nutrients  in  65  instances  there  followed  an 
appreciable  increase  in  the  milk  production,  and  the  cost  of  pro- 
duction was  somewhat  higher.    There  was  some  loss  in  live 
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weight  .before  and  a  gain  after  the  change  of  ration  (B,  Table 
XXIX). 

With  a  reduction  of  nutrients. — In  only  9  of  the  records  there 
occurred,  with  this  same  increase  of  protein,  a  reduction  in  the 
amount  of  total  nutrients.  In  these  few  instances  there  was  a 
rapid  diminution  of  milk  flow  with  a  much  greater  cost  of  pro- 
duction. 

AN  INORBASE  OP  THE  PROTEIN  WHEN  ABOVE  2  LBS.  AND  LESS  THAN 

2.25  LBS. 

There  are  56  records  which  cover  periods  when  this  change  in 
the  ration  was  made.  There  followed  a  diminution  of  milk  flow 
at  a  little  less  than  the  normal  rate.  The  gain  in  live  weight, 
fairly  good  before,  was  very  little  after  the  change.  The  data 
are  found  in  Table  XXX. 

With  an  increase  of  nutrients. — After  an  increase  of  protein, 
with  an  increase  in  the  amount  of  nutrients,  in  28  instances 
there  followed  very  much  less  than  the  usual  diminution  in 
milk  flow.  There  was  a  good  rate  of  increase  in  live  weight 
before  but  a  moderate  loss  after  the  change.  See  B  in  Table 
XXX. 

With  a  reduction  of  nutrients. — When,  with  the  increase  of  pro- 
tein, there  was  a  reduction  in  amount  of  nutrients  in  28  in- 
stances, the  following. decrease  in  milk  production  was  at  a 
faster  rate  than  normal.  There  was  a  good  rate  of  gain  in 
weight,  but  slower  after  the  change. 

AN    INCRE3ASB   OP    PROTEIN    WHEN   BETWEEN   2.25    LBS.   AND  2.5   LBS. 

The  average  data  from  72  records  which  cover  periods  when 
this  increase  in  protein  content  was  made  are  found  in  Table 
XXXI.  The  milk  flow  diminished  but  very  slightly.  The  live 
weight  increased  on  the  average  faster  after  the  change  than 
before. 

With  an  inci'ease  of  total  nutrients. — Thirty-two  records  cover 
periods  when  with  the  increase  of  protein  there  was  an  increase 
of  total  nutrients.  The  milk  yield  was  very  slightly  increased. 
There  was  a  loss  in  live  weight  before  the  change  and  a  con- 
siderable gain  afterward. 
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With  some  reduction  of  nutrients, — ^The  average  of  28  records 
which  cover  periods  when  there  was  a  reduction  of  nutrients 
with  the  same  increase  of  protein  as  above  is  shown  in  C  of 
Table  XXXI.  There  occurred  a  diminution  in  milk  yield  at 
about  half  the  normal  rate.  The  gain  in  live  weight  was  much 
slower  after  the  change  than  before. 

AN  INCREASB  IN  THB  AMOUNT  OF  PROTEIN   ABOVE  2.5  LBS. 

Only  18  records  cover  periods  when  this  change  in  the  ration 
occurred.  With  half  of  them  there  was  an  increase  of  total 
nutrients  and  with  half  a  reduction.  There  was  a  more  than 
usually  rapid  falling  off  in  milk  for  both  groups.  On  the  aver- 
age there  was  a  slight  increase  in  amount  of  nutrients.  The 
average  shrinkage  in  milk  was  twice  as  much  as  it  would 
normally  be.  The  gain  in  live  weight  was  much  slower  after 
the  change  of  ration.  Little  change  in  the  cost  of  production 
occurred. 

Table  XXXII. — An  Increase  of  Protein  when  Above  2.5  Lbs. 


• 

Pbr  1000  Lbs  Litb  Wbioht. 

AVBRAOB  PBB 
DAT  PkB  Cow. 

Total 
digest- 
ible or- 
ganic 
matter. 

pro- 
tein. 

Fuel 
yalue. 

Nutri- 
tive 
ratia 

Kilk 
yield. 

Pat  In 

miUc 

1      Bvfore 

oe 

«       After 

£ 

a 
4i 

Is 

rt-d   Before 
1  *  After 

Lbs. 
15.4 

16.0 

Lbs. 
2.52   i 

2.89   I 

JO,  759 
U,792 

1:5.8 
1:6.0 

Lbs. 
25.6 

28.8 

Lbs. 
1.05 

.96 

Average  of  18  rec- 
ords   from    cows 
averaging  5.3 
yrs.   old  and  5.0 
months  in  milk. 

Fat  in 
milk. 

Approxi- 
mate coil 
of  food 
for  one 
lb.  of 
milk. 

matter 

in  food 

for  one 

lb.  of 

milk. 

Dry 
matter  in 
food  for 
one  lb. 
of  milk 
solid*. 

DfgM^ 
Ible  dry 
matter  in 
food  for 
each  lb. 
of  milk 
solids. 

Fcrct. 
4.1 

4.1 

eta. 
.60 

.60 

Lbs. 
.8 

.9 

Lbs. 
6.6 

7.4 

Lbs. 
48 

4.9 
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A  REDUCTION   OF  PROTEIN  WITH   Ll'JTLE  CHANGE  IN  AMOUNT  OF 

NUTRIENTS. 

One  hundred  records  which  cover  periods  when  there  was  a 
reduction  of  the  protein  with  little  change  in  amount  of  nutri- 
ents give  the  average  found  in  Table  XXXIII.  Following  this 
change  there  was  just  about  the  normal  decrease  in  milk  yield. 
The  moderate  rate  of  increase  in  live  weight  was  slightly 
increased. 

Tablb  XXXIII.— a   Bkduction   op  Protein  wrrn   Little   Cuangb  of 

NUTRIENIS. 


Pbb  1000  Lbs.  Uvk  Wkioht. 

AVKRAOB  Pbb 
Day  Pbb  Cow. 

Total 
digest- 
ible or- 

gaiflo 
matter. 

Dfgrat- 
ible 

Fuel 
value. 

Nutri- 
tive 
ratio. 

Milk 
yield. 

Fat  In 

milk. 

1      Before 
o      After 

ii 

es-a   Before 
fS      After 

JUw. 
15.2 

15.1 

hb9 

2.28 
1.84 

Cat 
30,155 

30,016 

1:6.7 
1:7.9 

Lb9. 
19. 

18. 

.81 
.81 

Avera(;e  of  100  rec- 
ords   from    cowa 
avera^inff  4.7 
yra.   <»Id  and  7.1 
mouthn  in  uiilk. 

Fat  In 
milk. 

Approxi- 
mate cost 
of  food 
for  one 
lb.  of 
milk. 

matter 
infood 
for  one 
lb.  of 
milk. 

Dry 
matter  in 
food  for 
one  lb. 
of  milk 
•oUds. 

Digest- 
ible dry 
matter  In 
food  for 
each  lb. 
of  milk 
solids. 

Ptrct. 
4.2 

4.3 

Cts. 
.80 

.80 

1.1 
1.1 

Lb9. 
8.4 

8.2 

IJb9. 
6.5 

5.6 

A  REDUCTION  OP  PROTEIN  WITH  SOME  INCREASE  IN  AMOUNT  OF 

NUTRIENTS. 

The  average  for  58  records  when  this  change  in  the  ration 
was  made  is  shown  in  the  following  table.  The  accompanying 
reduction  in  milk  yield  was  slight,  much  less  than  would  nor- 
mally occur  for  a  similar  period.  The -live  weight  increased 
much  faster  after  the  change. 
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Table  XXXIV. — A  Reduction  of  Protein  with  Some  Increase  of  Total 

Nutrients. 


Average  of  58  rec- 
ords from  cows 
averaging  5.0 
yrs.  old  sDd  5.2 
months  in  milk. 


S)      Beforo 


"I" 


After 


oo 


gS 


£ 


Before 
After 


Per  1000  Lbs.  Uvb  Weight. 


Total 
digest* 
ible  or- 
ganic 
matter. 


Lb9, 
14.6 

16.1 


Digest- 
ible 
pro- 


Lbs. 
2.56 

2.16 


Pael 
value. 


OaL 
29,211 

32,191 


Nntrl- 
Uve 
railo. 


1:5.5 
1:7.2 


AVRRAOB  Pxa 

DAT  Pkr  Cow. 


Milk 
yield. 


Lbs. 
22.6 

22.4 


Fatm 
milk. 


Lb9. 


.93 
.90 


Approxi- 

Dry 

Dry 

mate  cost 

matter 

matter  in 

Pat  In 

of  food 

la  food 

food  for 

rolik. 

for  one 

for  one 

one  lb. 

lb.  of 

lb.  of 

of  milk 

milk. 

milk. 

solids. 

F^ct, 

OS. 

L6s. 

Lbs. 

4.1 

.67 

1.0 

7.4 

4.0 

.70 

1.1 

8.0 

Digest- 
ible dry 
matter  in 
food  for 
each  lb. 
of  milk 

solids. 


Lbs. 


4.7 
6.2 


A  RBDUCTION  OF  PROTEIN  AND  OF  THB  TOTAL  NTJTRIBNTft. 

The  average  data  from  139  records  when  both  the  protein  and 
total  nutrients  were  reduced  follow  in  Table  XXXV,  The  milk 
yield  fell  off  at  a  rate  about  twice  as  fast  as  the  normal  one. 
There  was  a  moderate  increase  in  live  weight  before  the  change 
of  ration  and  none  afterward. 
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Table  XXXV. — A  Reduction  of  Protein  and  of  Total  Nutrients. 


Average  of  139  rec- 
ords from  cowB 
averaginK  4.8 
yra.  old  and  5.8 
months  in  milk. 


9    • 

^      Before 
o      After 


I 


i 


oS'O 


I 


Before 
After 


PxB  1000  Lbs.  Liyk  Whgbt. 


Total 
<llgm^ 

Ible  or- 
ganic 

matter. 


LbB. 
16.7 

14.8 


Digest- 
ible 
pro- 
tein. 


Lb». 
2.41 

2.09 


Fuel 
value. 


CaL 
33,828 

29,495 


Nutrl- 
Uve 
ratio. 


1:6.6 
1:6.9 


▲▼BBAOB  PCE 

DAT  Pbb  Cow. 


yield. 


Lba 
22.5 

21.0 


Fat  In 
milk. 


PsreL 
4.1 

4.8 


Approxi- 
mate cost 
of  food 
for  one 
lb.  of 


OU, 


.72 

.74 


Dry 
matter 
in  food 
for  one 
lb.  of 
milk. 


1.0 
1.0 


Fat  in  . 
milk. 


LbB. 


.92 
.90 


Dry 

matter  In 

food  for 

one  lb. 

of  milk 


LbB. 
7.9 

7.3 


DlgeaU- 
Ible  dry 
matter  in 
food  for 
each  lb. 
of  milk 
solids. 


LbB. 


5.4 
4.9 


A  REDUCTION  OP  THE  PROTEIN  WHEN  MORE  THAN  2.5  LBS. 

One  hundred  twenty-three  records  when  there  was  this  reduc- 
tion of  protein  give  the  average  data  found  in  Table  XXXVl. 
The  average  yield  of  milk  diminished  at  about  half  the  normal 
rate.  The  rate  of  increase  in  live  weight,  at  about  one-half 
pound  per  day,  was  not  affected. 

With  little  dhunge  in  amount  of  nutrients. — When  there  was 
little  change  in  the  amount  of  nutrients  in  31  instances  the 
average  result  shown  in  A  of  Table  XXXVl  was  obtained — 
which  was  practically  the  same  as  the  total  average  above 
given. 

With  an  increase  of  total  nutrients. — In  47  instances,  when  an 
increase  of  total  nutrients  occurred,  there  followed  no  reduction 
in  the  milk  yield,  but  a  slight  average  increase.  The  rate  of  gain 
in  weight  from  about  one-half  pound  per  day  became  about  one 
pound  per  day.     (B,  Table  XXXVL) 

With  a  reduction  of  total  nutrients. —Wheu  there  was  a  moder- 
ate reduction  in  the  amount  of  total  nutrients  there  followed, 
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on  the  average  for  45  instances,  about  the  normal  shrinkage  in 
milk  yield.  The  rate  of  increase  in  live  weight  was  noticeably 
reduced. 

A  reduction  op  the  protein  when  above  2.25  AND  LESS  THAN 

2.5  LBS. 

The  only  records  available  which  show  this  reduction  of  pro- 
tein show  a  corresponding  reduction  of  the  total  nutrients;  54 
records  give,  following  this  change  in  the  ration,  an  average 
reduction  in  the  milk  flow  about  three  times  as  great  as  should 
occur  at  the  same  stage  of  lactation.  There  was  some  loss  in 
live  weight  but  much  less  before  the  change  of  ration  than  after- 
ward. 

Table  XXXVII.— A  Reduction  of  the  Protein  When 
Between  2.25  and  2.5  Lbs. 


PBR  1000  LBg.  LITS  Wbiqht. 

AVKRAOB   PBR 

Day  Fbr  Cow. 

Total 
digest- 
ible or- 
ganic 
matter. 

pro- 
tein. 

Fuel 
▼alue. 

Nutri- 
tive 
raUo. 

Milk 
yield. 

Fat  In 

milk. 

^      Before 
o      After 

1 

s 

•Sts   Before 
£      After 

Lb». 
17.3 

14.9 

Lb9, 

2.38    J 
2.05   5 

Cal 
U,455 

J9,961 

1:6.7 
1:7.1 

Lb8. 
24.2 

22.1 

Lbs. 
.99 

.93 

Average  of  54  reo- 
ords    from    cows 
averaginf;  4.9 
yre.  old    and  5.4 
months  in  milk. 

Fat  In 
milk. 

Approxl- 
mate  cost 
of  food 
for  one 
lb.  of 
milk. 

Dry 
matter 
in  food 
for  one 
lb.  of 
milk. 

Dry 
matt<'r  In 
food  for 
one  lb. 
of  milk 
solids. 

Digest- 
ible dry 
matter  In 
food  for 
each  lb. 
of  milk 
solids. 

Perct. 
4.1 

4.2 

as. 

.63 
.72 

1.0 
.9 

Lb9. 
7.6 

6.7 

Ufa. 
5.0 

4.6 

A  RBDUOTION  OP  THE  PROTEIN  WHEN  ABOVE  2  LBS.,  UNDER  2.25  LBS. 

The  65  records  which  cover  periods  when  this  change  in  the 
ration  was  made  show  an  average  decrease  in  milk  flow  consider- 
ably greater  than  it  should  normally  be.  There  was  a  very  good 
increase  in  live  weight. 
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With  hut  little  change  in  total  nutrienU, — Tlie  amount  of  total 
nutrients  was  but  little  changed  in  43  instances.  The  milk  flow 
diminished  at  a  little  more  than  the  usual  rate.  The  average 
increase  in  live  weight  was  considerably  greater  after  the 
change. 

With  satne  reduction  of  nutrieivts. — The  average  for  22  instances, 
when  considerable  reduction  in  amount  of  nutrients  occurred, 
shows  a  falling  off  in  milk  twice  as  great  as  is  usual.  The  gain 
in  live  weight  was  much  less  after  the  change  of  ration, 

A  RBDUOTION  OF  THB  PROTBIN  WHEN  LESS  THAN  2  LBS.,  MORE  THAN 

1.6  LBS. 

The  average  data  from  55  records  when  such  a  reduction 
occurred  are  found  in  Table  XXXIX.  The  average  shrinkage 
in  milk  was,  at  about  twice  the  normal  rate.  There  was  but 
little  change  in  live  weight. 

With  but  little  change  in  amount  of  nutrients, — After  this  change 
in  the  ration,  when  the  amount  of  nutrients  was  but  little 
affected,  there  was,  on  the  average  in  26  instances,  a  reduction 
of  milk  yield  considerably  greater  than  should  normally  occur. 
The  data  are  in  A  of  Table  XXXIX. 

With  some  inw^ease  in  amount  of  nutrients. — Only  11  records 
cover  periods  when  with  such  a  reduction  of  protein  the  nutri- 
ents were  increased.  In  these  cases  the  amount  of  total  nutri- 
ents was  small,  and  there  was  a  continual  loss  of  live  weight. 
The  milk  flow  diminished  but  little  faster  than  usual.  There 
was  some  increase  in  the  cost  of  production. 

With  swne  reduction  in  amount  of  nutrients, — There  are  only 
18  of  the  records  which  show  this  change  of  ration.  In  these 
the  shrinkage  in  milk  flow  was  at  about  three  times  the  normal 
rate. 

EEMARKS. 

In  general  changes  in  the  amount  of  protein  within  the  ordin- 
ary limits  produced  less  effect  than  changes  in  the  amount  of 
total  nutrients.     The  average  results  which  followed  the  differ- 
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ent  niodificationB  of  the  ration  as  related  to  the  protein  content 
are  briefly  summarized  on  p.  G4  at  the  beginning  of  this 
bulletin. 

THE  NUTRITIVE  RATIO. 

The  effects  of  changes  in  the  nutritive  ratio,  as  a  rule,  of 
course  were  directly  in  line  with  those  evidenced  by  the  group- 
ings of  the  rations  on  the  basis  of  protein  content  as  related  to 
differing  amounts  of  total  organic  nutrients.  The  unusual 
amount  of  fat  in  a  few  foods  caused  considerable  difference  in 
some  of  these  relations  of  ratio  to  the  actual  amount  of  protein 
in  the  ration. 

It  is  unnecessary  to  give  all  the  data  from  the  averages  made 
to  show  the  general  effect  of  changes  in  nutritive  ratio.  In  con- 
sidering the  records  on  this  basis  they  were  grouped  with  rela- 
tion to  the  ratio  of  1:6,  although  the  majority  of  the  rations  had 
a  wider  ratio,  principally  because  the  standards  in  general  call 
for  a  ration  with  this  nutritive  ratio  or  one  narrower. 

Moderate  changes  in  the  nutritive  ratio  within  the  ordinary 
limits  had  considerable  less  effect  on  the  milk  flow  than  did 
changes  in  the  amount  of  total  digestible  organic  matter.  The 
general  results  accompanying  different  modifications  of  the 
ration  which  affected  the  nutritive  ratio  are  stated  on  p.  65  of 
the  general  summary. 


Digitized  by 


Google 


Digitized  by 


Google 


REPORT 


OV  THB 


Department  of  Botany. 

p.  C.  Stbwabt,  Botanist 
H.  J.  EusTACB,  Student  Assistant. 


Table  of    Contents. 


I.  An  epidemic  of  currant  anthra4)noBe. 
11.  Notefi  from  the  Botanical  Department. 


Digitized  by 


Google 


Digitized  by 


Google 


AN  EPIDEMIC  OF  CURRANT  ANTHRACNOSE.* 


F.  a  BTBWART  AND  H.  J.  BUSTAOm. 


SUMMARY. 

During  the  past  season  the  currant  crop  in  the  Hudson  Valley 
has  been  seriously  injured  by  anthracnoso,  a  fungous  disease 
causing  the  appearance  of  numerous  small,  dark  brown  spots 
on  the  leaves,  which  turn  yellow  and  fall  prematurely.  Currant 
canes  were  quite  generally  defoliated  early  in  the  season  and  the 
exposure  of  the  ripening  fruit  to  the  sun  brought  about' sun- 
scald,  resulting  in  a  loss  of  nearly  one-half  the  crop  in  some 
plantations. 

The  disease  attacks  the  leaves,  petioles,  fruit,  fruit  stems  and 
canes.  In  New  York  State  it  is  present  among  currants  almost 
every  season,  but  there  is  no  record  of  its  destructive  occurrence 
since  1889.  Although  it  attacks  also  gooseberries  and  black 
currants  it  has  not  injured  them  in  the  same  locality  where  red 
currants  have  been  seriously  damaged  by  it.  It  is  readily  dis- 
tinguished from  the  ordinary  leaf  spot  by  the  size  of  the  spots, 
which  are  much  smaller. 

The  weather  conditions  last  spring  seem  to  have  been  partic- 
ularly favorable  to  it;  but  judging  from  the  past  history  of  the 
disease  it  is  not  likely  to  become  a  constant  pest.  Fruit 
growers  need  not  be  alarmed.  Probably,  it  will  become  epi- 
demic only  occasionally. 

Although  there  are  scarcely  any  experimental  data  at  hand, 
it  is  likely  that  anthracnose  may  be  prevented  by  spraying 
with  Bordeaux  mixture;  and  since  currant  worms  make  neces- 
sary at  least  one  application  of  Bordeaux,  and  leaf  spot  (a 


*  A  reprint  of  Bulletin  No.  199. 
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disease  known  to  be  preventable  by  spraying)  is  always  more  or 
less  prevalent,  and  it  seems  likely  that  the  destructive  disease 
known  as  cane  blight  may  be  checked,  it  is  recommended  that 
currants  in  the  Hudson  Valley  be  sprayed  regularly  every  sea- 
son. 

INTRODUCTION. 

The  region  between  Highland  and  Newburgh  in  the  Hudson 
River  Valley  is  the  principal  fruit-growing  section  of  Eastern 
New  York.  Grapes,  peaches,  raspberries  and  currants  are  grown 
extensively.  Currants  are  grown  more  exten&ively  here  than  in 
any  other  part  of  the  State.  They  constitute  one  of  the  leading 
fruit  crops  in  this  famous  fruit-growing  section. 

While  visiting  this  locality  June  13  and  14, 1001,  we  observed 
that  the  currant  foliage  was  quite  generally  affected  with  a  form 
of  leaf  blight  or  anthracnose  caused  by  the  fungus  Olcsosporium 
ribis.  The  lower  Reaves  were  yellow  and  thickly  covered  with 
very  small  brown  spots.  Almost  all  the  currant  plantations 
were  more  or  less  affected  and  the  presence  of  the  disease  could 
be  detected  at  a  considerable  distance  by  the  yellow  color  of  the 
foliage.  In  some  cases  the  leaves  were  already  dropping  quite 
freely.  Fruit  growers  were  alarmed.  They  were  not  accus- 
tomed to  see  the  currant  foliage  behave  in  this  way. 

Since  there  seemed  liable  to  be  an  epidemic  of  this  somewhat 
unusual  disease  we  planned  to  watch  its  progress.  During  the 
remainder  of  the  season  we  made  frequent  visits  to  the  locality 
and  kept  close  watch  on  the  disease,  particularly  in  a  badly 
affected  plantation  on  the  farm  of  Mr.  J.  A.  Hepworth  near  Mil- 
ton. This  plantation  consisted  of  about  five  acres  in  a  peach 
orchard  on  high,  well-drained,  slaty  soil* 

SYMPTOMS. 

The  disease  works  from  below,  upward.  The  lower  leaves 
become  thickly  covered  with  small  dark-brown  spots,  turn  yellow 
and  fall.  The  disease  appears  in  June  and  continues  active 
throughout  the  season  or  until  the  bushes  have  been  completely 
defoliated.    In  the  present  case  it  must  have  appeared  rather 
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suddenly  and  become  epidemic  about  June  8.  When  we  made 
our  first  observations,  June  13,  it  was  already  so  abundant  that 
fruit  growers  were  cognizant  of  it.  Ten  days  earlier  we  had 
spent  two  days  visiting  fruit  plantations  in  this  same  locality 
and.  at  that  time  we  neither  saw  nor  heard  of  any  trouble  with 
currants  except  cane  blight  which  is  always  destructive  there.^ 
Although  we  were  seeking  the  diseases  of  raspberries  rather 
than  those  of  currants,  it  is  likely  that  the  ciyrant  anthracnose 
would  have  come  to  our  attention  had  it  been  at  all  abundant 
at  that  time.  In  a  letter  dated  June  10,  Mr.  A.  B.  Clarke,  of 
Milton,  states  that  it  was  very  abundant  in  his  plantation  at 
that  date. 

During  June  the  affected  plantations  were  readily  recognized, 
even  at  a  considerable  distance,  by  the  yellow  color  of  the  foli- 
age; but  in  July  this  was  much  less  noticeable.  By  July  10  the 
few  leaves  still  remaining  on  the  bushes  were  scarcely  at  all  yel- 
low although  thickly  covered  with  anthracnose  spots.  By  June 
26  the  fruit  was  beginning  to  ripen  and  thereafter  the  affected 
plantations  were  to  be  recognized  by  their  conspicuous  red 
color.  The  falling  of  the  leaves  left  the  load  of  ripening  fruit 
exposed  to  view. 

In  addition  to  the  leaves,  the  fungus  attacked  the  leaf  stalks 
or  petioles,  causing  conspicuous  black,  slightly  sunken  spots. 
It  also  attacked  the  fruit  stems,  the  berries  and  the  new  canes. 
The  spots  on  the  fruit  stems  were  black  and  resembled  those  on 
the  petioles.  They  were  from  one-fourth  to  one-half  inch  in 
length  and  extended  half  way  or  more  around  the  stem.  On  the 
berries  the  spots  were  black  and  circular  and  bore  some  resem- 
blance to  fly  specks.  While  the  berries  were  green  the  spots  on 
them  were  fairly  numerous  and  readily  seen;  but  as  the  berries 
ri{)ened  the  spots  became  less  conspicuous.  This  may  have  been 
due  to  the  fact  that  the  small  berries  toward  the  tip  of  the 
cluster  were  the  ones  most  severely  attacked  and  as  a  result 
many  of  them  dropped  before  ripening.  The  affected  berries 
did  not  rot;  and  the  presence  of  the  spots  on  the  fruit  stems 


»See  Bui.  167  of  this  Station,  p.  292. 
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seemed  to  affect  the  berries  but  slightly.  Very  rarely  did  the 
berries  wither  from  this  cause.  Peck's^  statement  that  the 
fungus  does  not  attack  the  berries  is  certainly  an  error. 

Thinking  it  possible  that  the  fungus  attacks  also  the  wood, 
we  made  a  close  examination  of  the  canes  in  the  badly  affected 
Hepworth  plantation  and  were  immediately  rewarded  by  the 
discovery  of  yellowish  pustules  which  upon  microscopic  examina- 
tion proved  to.^  be  the  acervuli  or  spore  conceptacles  of 
Qlcpospormm  ribis.  This  was  on  July  10.  Most  of  the  acervuli 
seemed  immature,  but  some  of  them  contained  spores  identical 
with  those  found  on  the  leaves,  thus  leaving  no  doubt  that 
OlorospoHum  ribis  occurs  on  currant  canes.  At  our  next  visit,- 
July  23,  it  was  found  that  the  acervuli  were  mostly  mature  and 
contained  an  abundance  of  typical  O.  ribis  si)ores.  A  quality  of 
the  affected  canes  was  collected  and  preserved.  They  will  prob- 
ably be  distributed  in  Seymour  and  EJarle's  Economic  Fungi.  So 
far  as  observed,  the  acervuli  occur  only  on  wood  of  the  present 
season's  growth.  The  color  of  the  acervuli  is  pale  yellow  or 
light  brown  and  differs  but  little  from  that  of  the  cane.  Conse- 
quently, they  are  inconspicuous.  However,  when  they  are  num- 
erous, one  acquainted  with  them  may  locate  them  with  the 
unaided  eye.  The  fungus  seems  to  do  very  little  harm  to  the 
cane,  producing  but  a  trifling  discoloration  of  the  bark  and  none 
at  all  of  the  wood. 

We  believe  this  to  be  the  first  account  of  the  discovery  of 
OlwospoHum  ribis  on  currant  canes.  Considering  the  inconspicu- 
ousness  of  the  acervuli,  it  is  not  strange  that  they  have  been 
overlooked.  It  is  also  possible  that  under  ordinary  circum- 
stances the  fungus  does  not  attack  the  canes.  Whenever  a 
plant  disease  becomes  epidemic  it  is  likely  to  behave  somewhat, 
differently  from  its  usual  manner.  However,  be  this  as  it  may, 
the  discovery  is  an  important  one  because  it  shows  where  the 
fungus  probably  passes  the  winter  and  that  the  canes  are  to  be 
considered  a  source  of  infection  in  the  spring. 


"Peck,  C.  H.    Rep.  N.  Y.  State  Mus.  Nat  Hist,  43 «2. 
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now  DISTINGUISHED  FROM  OTHER  CURRANT  LEAF 

DISEASES. 

Among  fruit  growers  the  currant  disease  under  consideration 
is  usually  known  as  leaf  blight  or  sometimes  as  leaf  spot.  Since 
there  are  at  lAst  two  other  common  currant  leaf  diseases  which 
go  by  the  same  name  much  confusion  would  be  avoided  if  fruit 
growers  would  follow  the  custom  of  mycologists  and  call  this 
disease  anthracnose.  Mycologists  apply  the  name  anthracnose 
to  diseases  caused  by  species  of  fungi  belonging  to  Glaeosporium, 
CoUatotrichum  and  a  few  other  closely  related  genera. 

The  currant  disease  which  is  properly  called  leaf  spot  is  the 
one  caused  by  the  fungus  Septona  Hhis  Desm.  This  produces 
on  the  leaves  dead,  brown  (or  gray)  spots  which  are  usually 
circular  in  outline  and  have  a  dimeter  of  about  one-eighth  inch 
(See  Plate  I,  Fig.  3).  Asa  rule,  leaf  spot  is  readily  distinguished 
from  anthracnose  by  the  size  of  the  spots,  anthracnose  spots 
being  much  smaller — often  no  larger  than  a  pin  head.  However, 
the  spots  formed  by  Septoria  ribis  on  both  red  and  black  cur- 
rants, may  sometimes  be  angular  and  quite  small,  although 
always  larger  than  those  of  QUrosporium  ribis,  A  notable  exam- 
ple of  this  came  under  our  observation  at  Milton  where  a  large 
plantation  of  black  currants,  Rihca  ni^mm,  was  quite  severely 
attacked  by  leaf  spot  as  early  as  July  10.  Since,  at  this  date, 
Septoria  ribis  had  shown  itself  only  in  traces  on  red  currants  in 
this  locality,  and  the  character  of  the  spots  was  so  much  out  of 
the  ordinary,  we  were  much  surprised  to  find  that  the  trouble 
was  due  to  Septoria  ribis.  The  spots  were  quite  angular  and 
scarcely  more  than  one-third  their  usual  size.  The  variety  of 
currant  is  one  said  to  have  originated  near  Milton  where  it  is 
known  as  the  Mackey. 

The  Septoria  leaf  spot  is  very  common  in  New  York  and  is 
usually  the  chief  cause  of  the  dropping  of  currant  leaves  in  this 
State;  but  during  the  past  season  it  was  almost  wholly  absent 
from  the  locality  where  anthracnose  was  epidemio  until  about 
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EXPLANATION  OF  PLATE  I. 

Pig.  1.  A  leaf  of  red  currant   affected   toiih  a^thracnose,  Gloeos- 
porium  ribis.    Natural  »ize. 

Pig.  2.  Spores  of  Gloeosporium  ribis.    Magnification  825  diautc 
ters. 

Pig.  3.  A  leaf  of  red  curra^U  affected  with  leaf  spot,  Septoria 
ribis.    Natural  size. 

Pig.  4.  A  leaf  of  red  currant  showing  the  work  of  the  four  lined 
leaf-bug,  Poecilocaxisas  liueatus.    Natural  size. 
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July  23,  when  it  appeared  in  abundance  and  destroyed  the  few 
leaves  left  by  anthracnose. 

Another  form  of  so-called  leaf  spot  which  occurs  on  currant 
leaves  in  the  Hudson  Valley,  sometimes  in  considerable  abun- 
dance is  that  caused  by  the  four-lined  leaf-bug,  Poeeilocapsua 
Uneatu^.^  The  spots  caused  by  this  insect  are  angular  and  trans- 
lucent or  else  black  with  a  water-logged  appearance.  (See  Plate 
I,  Fig.  4).  They  are  wholly  different  in  appearance  from 
anthracnose  spots  and,  moreover,  they  occur  on  leaves  at  the 
tips  of  the  canes;  whereas,  anthracnose  appears  first  on  the 
lower  leaves  and  may  attack  leaves  on  any  part  of  the  plant. 

A  third  leaf  disease  of  currants  is  one  which  may  be  called 
leaf  blight.  It  is  caused  by  the  fungus  Cercospora  angulata 
Wint.  According  to  PammeH  this  fungus  is  common  on  cur- 
rants in  Iowa. 

In  New  York  State  it  seems  to  be  rare.  In  1897  we  received 
specimens  of  it  from  Highland,  and  in  1900  specimens  were  sent 
us  from  Long  Island.  During  the  past  season  we  have  sought 
for  it  in  the  Hudson  Valley,  but  have  not  found  even  a  trace  of 
it.  The  spots  formed  by  it  are  considerably  larger  than  anthrac- 
nose spots. 

Occasionally  we  have  met  with  a  form  of  leaf  spot  caused  by 
a  species  of  Phyllosiicta,  The  spots  are  larger  even  than  those 
of  Sepioria  ribis  so  there  need  be  no  danger  of  confusing  them 
with  anthracnose  spots. 

THE  FUNGUS. 

Oloeosparium  ribis  (Lib.)  'Mont.  &  Desm. 

The  fungus  which  is  the  cause  of  currant  anthracnose  was 
named  GUeosparium  ribis  by  Montague  and  Desmazieres^  in  1867. 
For  some  time  previous  it  had  been  known  as  Leptothyrium  ribis, 
which  name  is,  therefore,  a  synonym.  Cryptosporium  ribis  Fckl. 
is  also  a  synonym. 

As  already  stated,  it  attacks  the  leaves,  petioles,  fruit  stems, 

•See  Bui.  167  of  this  Station,  p.  291;  also  Cornell  Agr.  Exp.  Sta.  Bui.  68. 
*  Pamniel.  L.  H.    Iowa  Exp.  Sta.  Bui.  13.G7. 
•Montague  &  Desmazieres.    KIckx*  Flore  crypt.  Flandres  2:03, 
9 
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fruit  and  canes.  The  spores  are  formed  in  pustules,  technically 
known  as  acervuli,  which  originate  underneath  the  epidermis  of 
the  leaf,  chiefly  on  the  upper  surface.  The  epidermis  becomes 
blackened  and  elevated  so  as  to  form  a  small  pimple.  At  matur- 
ity this  pimple  is  ruptured  at  the  summit  and  the  spores  escape 
in  a  gelatinous  mass  which  appears  as  a  whitish  or  flesh  colored 
speck  at  the  center  of  the  spot.  The  spores,  which  are  one-celled 
and  uncolored,  are  somewhat  variable  as  to  size  and  shape. 
Usually  they  are  strongly  curved  and  somewhat  larger  at  one 
end.  (See  Plate  I,  Fig.  2.)  As  we  have  found  them,  the  spores 
measure  12  to  24/1  in  length  by  5  to  9m  in  width,  the  most  com- 
mon size  being  19  by  7/x. 

In  our  experience  there  has  never  been  any  difficulty  to  find 
the  spores  in  abundance  on  the  affected  leaves.  They  are  also 
fairly  abundant  on  the  new  canes  and  on  the  petioles.  On  the 
canes  they  are  much  more  easily  found  while  the  canes  are  fresh. 
Upon  drying,  the  contrast  of  color  distinguishing  the  acervuli 
largely  disappears.  From  dried  specimens  of  the  canes  the 
spores  are  most  easily  obtained  by  scraping  the  bark  after  a 
brief  immersion  in  water.  On  the  fruit  stems  and  berries  the 
spores  are  found  less  frequently. 

8o  far  as  known,  Glceosporium  rihis  has  but  the  one  spore  form 
above  described.  However,  it  is  quite  jwssible  that  there  exists, 
also,  an  ascigerous  form  in  which  the  fungus  passes  the  winter. 
Fuckel^  has  suggested  such  a  relationship  with  SplKBria  drcinata 
Fckl.  [=(jfnomoniella  drcinata  (Fckl.)  Sacc] 

By  means  of  artificial  cultures  Miss  Stoneman^  has  shown  that 
two  other  species  of  GUeosporiumy  O.  dngulatum  Atk.  and  (?. 
viperatum  E.  &  E.,  have  in  their  life  cycle  ascigerous  forms 
referable  to  a  pyrenomycetous  genus  for  which  she  proposes 
the  name  Onomomopais. 

Excellent  figures  of  Okeosporium  rihis  are  found  in  Briosi  & 
Cavara's  Funghi  parassiti  deUe  piante  ooUivate  od  utilif  Fasc.  IX, 
Nr.  222. 


•Fuckel,  L».    Symbolse  Mycologicoe,  p.  111. 

'Stonemao,  Bertha.    A  Comparative  Study  of  the  Development  of  some 
Anthracnoses.    Botanical  Gazette,  26:101-106. 


Digitized  by 


Google 


;Nbw  York  Agricultural  Experiment  Station.        131 

Other  species  of  Oloeosporium  attacking  members  of  the  genus 
RibeSy  the  genus  to  which  the  cultivated  currants  and  gooseber- 
ries belong,  are  O.  curvatum  Oud.  on  leaves  of  R*  nigrum,  the 
black  currant;  ©.  tubercularioides  Sacc.  on  leaves  of  B,  aureum, 
the  Missouri  currant;  and  O.  ribicolum  E.  &  E.  on  fruit  of  the 
English  gooseberry. 

AMOUNT  OP  DAMAGE  DONE. 

Although  the  fungus  Olwosporium  ribis  is  widely  distributed 
over  Europe,  Asia,  Australia  and  North  America,  and  has  long 
been  known  to  mycologists,  it  seems  to  have  attracted  very  little 
attention  as  a  fungus  of  economic  importance.  While  it  is  fre- 
quently mentioned  in  works  on  fungi,  it  is  not  often  spoken  of 
as  doing  any  serious  damage  to  currants. 

The  first  mention  of  its  occurrence  in  this  country  seems  to 
have  been  that  made  by  Berkeley,^  in  1873,  who  reported  it  on 
leaves  of  black  currant  collected  in  Connecticut.  In  1884  Peck* 
found  it  on  the  leaves  of  the  fetid  currant,  Ribes  prostratunty  in 
the  Adirondacks.  According  to  Dudley^*^  and  also  Peck^  there 
was  a  serious  outbreak  of  the  disease  in  New  York  State  in  the 
season  of  1889.  Prof.  Dudley,  at  that  time  Cryptogamic  Botanist 
of  the  Cornell  Experiment  Station,  made  the  disease  the  subject 
of  a  two-page  article  which  was  published  as  a  part  of  Bulletin  15 
of  that  Station  and  also  in  the  Annual  Report  of  the  same  Station 
for  1889.  Although  so  brief  that  Prof.  Dudley  himself  called  it 
a  note,  the  article  is,  even  to  the  present  time,  the  most  compre- 
hensive published  account  of  currant  anthracnose  as  it  occurs  in 
America.  He  reports^  the  disease  abundant  on  white  currants  at 
Ithaca  and  destructive  to  red  currants  in  the  vicinity  of  Rochester. 
Peck^*  says:  "A  currant-leaf  fungus,  Glceosporium  ribia,  has^also 


*Berkel<>7,  M.  J.    GrevUlea,  2:83. 
•Peck,  C.  H.    Rep.  N.  Y.  State  Mus.  Nat.  Hist,  98:98. 
'*Dadley,  W.  R.    Cornell  Agr.  Exp.  Sta.  Bui.  15:196-198;  same  in  Second 
Ann.  Rep.  Cornell  Agr.  Exp.  Sta.,  1889.  pp.  196-198. 
"Feck,  O.  H.    Rep.  N.  Y.  State  Mus.  Nat  Hist,  43:52. 
"Dudley.    Loc.  cit 
"Peck.    Loc.  clt 
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been  excessiyely  virulent.  In  some  localities  currant  leaves  have 
been  so  severely  attacked  by  it  that  their  vigor  was  destroyed 
and  they  fell,  to  the  ground  long  before  the  usual  time.  In  my 
own  garden  the  currant  bushes  were  as  destitute  of  foliage  in 
August  as  they  usually  are  in  November." 

Since  1889  it  has  been  mentioned  by  PammeU*  as  occurring  on 
red  currants  in  Iowa  and  Halsted^  has  reported  its  occurrence 
on  cultivated  gooseberries  in  New  Jersey;  but  we  find  nothing  in 
the  literature  to  indicate  that  it  has  been  at  all  destructive  during 
the  past  eleven  years.  However,  from  our  own  observations  we 
are  inclined  to  believe  that  in  New  York,  particularly  ill  the  Hud- 
son Valley,  it  occurs  to  some  extent  nearly  every  season  and 
that,  in  some  instances,  it  has  been  destructive.  June  12,  1897, 
Mr.  H.  R.  Leeder  of  New  Paltz  reported  to  the  station  that  his 
currants  were  dropping  their  leaves  badly.  The  specimen  leaves 
accompanying  his  letter  showed  an  abundance  of  Olceosporium 
riUs  which  was  probably  the  cause  of  the  leaves  dropping.  It  is 
noteworthy  that  this  outbreak,  like  the  one  of  the  present  season, 
occurred  before  the  middle  of  June.  On  July  7  of  the  same  year 
Mr.  F.  A.  Sirrine  observed  that  in  the  vicinity  of  Highland  cur- 
rants were  dropping  their  leaves  badly.  Specimens  of  the  fallen 
leaves  were  examined  by  one  of  the  writers  of  this  article  and 
found  to  be  infested  with  Cercospora  angulata  and  Olceosporium 
ribi8.  June  28, 1900,  we  observed  a  plantation  of  red  currants  on 
Long  Island  which  was  severely  attacked  by  GUrosporium  ribis. 
SeptoHa  ribis  was  also  present  in  small  amount.  In  this  planta- 
tion the  Olceosporium  had  attacked  the  fruit  stems  to  so  great  an 
extent  as  to  attract  the  attention  of  the  foreman  in  charge. 
Nevertheless,  we  saw  no  evidence  of  damage  from  this  cause. 
None  of  the  berries  were  dropping  or  shriveling.  Dr.  B.  M. 
Duggar  informs  us  that  Gloeosporium  ribis  was  abundant  on  cur- 


"Pammel,  L.  H.  Jnumal  of  Mycology,  7:101.  In  a  letter  dated  Novem- 
ber 5,  1901,  Prof.  Pammel  writes  us  that  he  has  not  observed  the  disease 
in  Iowa  since  1891. 

'"Ualsted,  B.  D.    N.  J.  Agr.  CoU.  Exp.  Sta.  Report  for  1895.  p.  331. 
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rants  in  the  Hndson  valley  in  the  antnmn  of  1900.  In  a  planta- 
tion at  Rochester  we  found  a  few  currant  bushes  quite  severely 
attacked  by  O,  rUnSy  August  30, 1900;  but  this  was  the  only  case 
of  the  disease  observed  in  western  New  York  last  year.  The 
season  was  an  excessively  dry  one. 

During  the  past  season  currant  anthracnose  became  epidemic 
in  the  Hudson  valley  about  June  8.  By  June  13  many  leaves 
were  falling  and  it  was  already  evident  that  the  crop  would  be 
considerably  injured.  In  some  plantations  one-half  the  foliage 
was  gone  by  June  26  and  by  July  10  the  bushes  were  completely 
defoliated  except  for  small  tufts  of  leaves  at  the  tips  of  some  of 
the  canefl.  The  fruit  commenced  to  ripen  about  June  26  and  by 
July  10  the  harvest  was  in  progress.  About  July  1  there  was  a 
week  of  excessive  heat  with  a  clear  sky.  As  a  result,  currants 
throughout  the  Hudson  Valley  suffered  severely  from  sunscald. 
Most  of  the  leaves  having  fallen,  the  fruit  was  left  exposed  to  the 
direct  rays  of  the  sun.  However,  it  is  likely  that  the  injury 
was  not  all  due  to  exposure  to  the  sun.  Some  of  it  was  prob* 
ably  due  to  the  inability  of  the  defoliated  canes  to  supply  the  ber- 
ries with  water  notwithstanding  the  fact  that  the  soil  was  filled 
with  water  owing  to  frequent  showers.  The  loss  from  sunscald 
and  shriveling  of  the  berries  was  enormous.  Mr.  Hepworth  has 
18  acres  of  currants  from  which  he  sold,  in  1900,  50,000  quarts  of 
fruit.  In  1901  the  same  plantation  yielded  only  26,000  quarts. 
This  loss  of  nearly  one-half  the  crop  Mr.  Hepworth  attributes  to 
the  effect  of  anthracnose  and  the  accompanying  sunscald.  In  the 
five-acre  plantation  mentioned  in  the  introduction  to  this  bulletin 
the  loss  was  estimated  to  be  about  two-thirds  of  the  crop.  The 
fruit  set  as  well  in  1901  as  in  1900  and  there  was  no  other  disease 
besides  anthracnose  except  cane  blight,  which  was  no  more 
destructive  in  1901  than  in  1900.  Therefore,  had  it  not  been  for 
the  anthracnose  the  crop  of  1901  would  probably  have  been  as 
large  as  that  of  1900.  Moreover,  the  loss  on  the  present  season's 
fruit  crop  is  not  all.  The  dropping  of  the  leaves  so  early  in  the 
season  must  seriously  interfere  with  the  proper  ripening  of  the 
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wood  and  the  formation  of  fruit  buds  for  next  year.  How  great 
will  be  the  damage  from  this  cauBe  can  not  be  determined  until 
next  sea&on.  As  already  stated,  some  plantations  were  almost 
completely  defoliated  by  July  10.  By  July  22  many  plantations 
were  completely  defoliated  and  many  more  had  lost  from  one- 
half  to  two-thirds  of  their  foliage.  As  a  rough  estimate  we  would 
say  that  in  the  region  between  Highland  and  Newburgh  probably 
two-thirds  of  all  currant  leaves  (excepting  black  currants)  had 
fallen  by  July  22.  About  this  time  SeptoHa  ribia  also  appeared 
and  assisted  in  completing  the  destruction.  At  what  time  the 
defoliation  was  completed  we  are  unable  to  say,  since  we  did 
not  visit  the  region  between  July  22  and  September  2.  On  the 
latter  date  very  few  green  currant  leaves  were  to  be  found;  and 
yet,  normally,  currants  hold  their  leaves  until  heavy  frost.  On 
the  station  grounds,  at  Geneva,  sprayed  currants  of  many  differ- 
ent varieties  were  in  nearly  full  foliage  as  late  as  October  15. 

The  disease  was  more  destructive  in  old  plantations  than 
among  young  plants.  Plants  in  the  nursery  row  were  attacked 
latest  of  all  and  consequently  suffered  least.  It  was  a  common 
observation  among  fruit  growers  that  the  disease  was  more 
severe  on  high,  dry  soil  than  in  lower  situations  where  the  soil 
was  heavier  and  naturally  moister.  Our  own  observations  con- 
firmed this.  The  disease  was  also  somewhat  lees  severe  on  plants 
which  were  partially  shaded.  It  is  a  common  practice  in  the 
Hudson  Valley  to  plant  currants  between  the  rows  in»  peach 
orchards.  Hence,  it  comes  about  that  many  bushes  are  in  par- 
tial shade.  The  shaded  plants  were  not  attacked  so  early  as 
were  those  fully  exposed  to  the  sun. 

Concerning  the  amount  of  damage  done  by  currant  anthrac- 
nose  elsewhere  than  in  the  Hudson  Valley,  we  have  little  infor- 
mation. At  Geneva,  some  plantations  lost  a  large  part  of  their 
foliage  because  of  anthracnose,  and  it  was  present  in  greater  or 
less  amount  in  almost  all  plantations;  but  the  damage  done  by 
it  does  not  appear  to  have  been  great.  Prof.  Craig  informs  us 
that  the  disease  was  common  at  Ithaca. 
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HOST  PLANTS. 

While  Olceosporium  ribis  may  attack  several  different  species 
of  Ribes,  it  has  a  decided  preference  for  R.  ruhrum  to  which 
belong  the  red  and  white  varieties  of  cultivated  currants.  It 
has  been  frequently  reported  on  R.  nigrum,  the  black  currant, 
but  according  to  our  observationfl  it  is  not  at  all  destructive  to 
black  currants,  to  say  the  least.  While  watching  the  progress 
of  the  disease  in  the  Hudson  Valley  we  examined  several  plan-  • 
tations  of  black  currants,  but  in  no  case  found  any  damage  done 
to  them  by  anthracnose.  In  one  case  a  row  of  black  currants 
stood  between  two  rows  of  red  ones.  The  red  currants  were  all 
severely  attacked  by  anthracnose,  but  the  foliage  of  the  black 
currants  was  perfect  and  apparently  free  from  the  disease. 

The  cultivated  gooseberry,  Ribes  groasularice,  is  also  said  to  be 
subject  to  anthracnose.  In  the  region  where  anthracnose  was 
epidemic  on  currants  there  are  several  commercial  plantations 
of  gooseberries  none  of  which  were  affected  by  the  disease  to 
any  extent. 

It  also  appears  that  among  the  red  currants  some  varieties  are 
somewhat  more  susceptible  than  others.  Our  observations  on 
this  point  are  not  as  full  as  they  should  be  and  so  we  are  unable 
to  give  a  list  of  resistant  varieties;  but  it  is  probable  that  this 
difference  in  susceptibility  is  sufficiently  great  to  be  turned  to 
practical  account  in  ease  anthracnose  should  become  an  im- 
portant factor  in  currant  culture. 

On  July  23,  when  the  disease  was  in  full  sway,  we  made  some 
observations  at  Middle  Hope  where  four  varieties  of  red  currant. 
Fay  Prolific,  Victoria,  Prince  Albert  and  Pres.  Wilder,  were  , 

growing  in  the  same  plantation  under  practically  the  same  con-  | 

ditions.    On  Fay  Prolific,  anthracnose  had  caused  about  two-  i 

thirds  of  the  foliage  to  drop  and  Victoria  had  lost  about  one-  i 

third  of  its  foliage;  while  Prince  Albert  and  Pres.  Wilder  were  i 

perfect  in  foliage  and  practically  free  from  the  diflease.    Goose-  i 

berries  growing  nearby  were  also  unaffected- 


Digitized  by 


Google 


136  li£i>OKT  OF  THB  DeP^BTMEKT  OF   BoTANT   OF  THB 


THE  OUTLOOK  FOR  THE  FUTURE. 

The  question  has  been  asked,  Will  anthracnose  be  destructive 
next  season?  Also,  Is  it  likely  to  appear  regularly  every  season 
hereafter  and  become  a  menace  to  the  currant  industry?  It  \& 
our  opinion  that  currant  growers  need  not  be  alarmed.  Anthrac- 
nose is  by  no  meanfi  a  new  disease  of  currants.  It  has  existed 
in  the  currant  plantations  of  New  York  for  at  least  twelve  years 
and  probably  longer.  In  1889  it  was  destructive;  but  since  that 
time  there  is  no  published  record  of  any  damage  done  by  it  in 
this  State.  Judging  from  the  past  history  of  the  disease  it 
seems  unlikely  that  it  will  become  troublesome  except  in  an 
occasional  season  when  all  conditions  are  favorable  to  it.^*  How- 
ever, we  are  not  unmindful  of  the  fact  that  diseases  which  spring 
suddenly  into  prominence  as  the  currant  anthracnose  has  done 
during  the  past  season  sometimes  continue  to  be  very  destruc- 
tive. Striking  examples  of  this  are  afforded  by  the  cucumber 
downy  mildew,  Plasmopara  cuhenHs,  and  the  asparagus  rufit, 
PuccirUa  asparagi.  The  former  first  appeared  in  this  country  in 
1889  and  has  since  become  so  destructive  in  the  Eastern  United 
States  that  the  growing  of  late  cucumbers  must  have  been  aban- 
doned had  it  not  been  discovered  that  the  disease  can  be  con- 
trolled by  spraying."  The  first  epidemic  of  asparagus  rust 
occurred  in  1896  in  New  Jersey,  Long  Island  and  Southern  New 
England.^  Prior  to  1896  it  was  practically  unknown  in  America; 
but  each  season  since  1896  it  has  been  destructive  and  seems  to 
be  established  as  a  permanent  scourge  of  asparagus. 


^'Exactly  what  weather  conditions  are  most  favorable  to  the  disease  is 
not  Isnown.  The  two  epidemics  of  recent  years  in  this  State  have  both 
occurred  In  wet  seasons  (1880  and  1901)  and  naturally  we  infer  that  wet 
weather  is  favorable  to  the  disease.  However,  Dr.  Weiss  states  (Weiss, 
J.  E.  Die  Blattfallkrankhelt  der  Johannisbeerstrattcher.  Praktische  Blatter 
filr  Pflanzcnschutz,  3:3),  that  in  southern  Bavaria  the  disease  was  epidemic 
in  the  dry  seasons  of  1898  and  1899,  but  scarcely  any  damage  was  done 
in  the  wet  season  of  1897. 

"For  the  history  of  Plasmopara  cubensis  see  Bui.  119  of  this  Station, 
p.  IW. 

"Halsted.  B.  D.    N.  J.  Exp.  Sta.  Bui.  129. 


Digitized  by 


Google 


New  Yobk  Aqricultural  Expbrimbnt  Station.        137 

Concerning  the  outlook  for  currants  in  1902,  it  is  safe  to  pre- 
dict that  the  crop  in  the  Hudson  Valley  will  be  somewhat  short- 
enedy  owing  to  the  premature  falling  of  the  leaves  last  summer; 
but  the  virulence  of  anthracnose  will  probably  depend  very 
largely  upon  the  nature  of  the  weather  next  spring  The  preva- 
lence of  the  disease  in  1901  i«  certainly  favorable  to  another 
epidemic  in  1902,  provided  the  weather  conditions  are  favorable. 
The  new  wood  and  fallen  leaves  are  everywhere  covered  with 
multitudes  of  the  spores  ready  to  start  infection  again  next 
spring  if  they  have  a  chance.  In  the  Hudson  Valley,  the  spring 
of  1901  was  a  very  wet  one  as  was  also  the  spring  of  1889  when 
the  other  epidemic  occurred;  so  it  appears  that  the  disease  is 
favored  by  wet  weather. 

TREATMENT. 

If  it  becomes  necessary  to  fight  currant  anthracnose  resort 
must  be  had  to  spraying,  which  seems  to  be  the  only  promising 
line  of  treatment,  except,  perhaps,  the  planting  of  resistant 
varieties.  Spraying  with  the  copper  compounds,  particularly 
Bordeaux  mixture,  is  effective  against  many  fungous  diseases 
of  foliage  and  there  is  little  doubt  that  currant  anthracnose  may 
be  controlled  in  this  way.  However,  there  is  but  little  experi- 
mental data  bearing  on  this  point.  Prof.  PammeP  at  the  Iowa 
Experiment  Station,  has  conducted  more  experiments  on  the 
spraying  of  currants  than  any  one  else  in  this  country  and  shown 
that  Septoria  ribis  and  Cercoapora  angulata  may  be  controlled  by 
spraying  with  Bordeaux  mixture;  but  Glceosporium  ribis  was  not 
a  factor  in  any  of  his  experiments.  Dr.  Halsted^o  made  the  fol- 
lowing experiment:  **  In  a  row  of  eight  gooseberry  bushes,  two 
were  selected  for  treatment.  Beginning  April  25,  three  appli- 
cations of  Bordeaux  were  made  previous  to  May  22.  The  bushes 
were  again  sprayed  August  13.  The  foliage  was  somewhat 
injured  by  an  anthracnose  {OloeospoHum  ribis  Lib.),  but  there  was 


"Pammel,  L.  H.    Iowa  Agr.  Exp.  Sta.  Bui.  13:45-46;  Bui.  17:41^-121; 
Uul.  20:710-718;  Bui.  24:087-088;  Bui.  30:281^-291. 
**Hal8ted.  B.  D.     N.  J.  Agr.  Coll.  Exp.  Sta.  Rep.  for  1895,  p.  331. 
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no  practical  difference  between  the  sprayed  and  unsprayed 
plants."  As  far  as  they  go,  the  results  of  this  experiment  are 
unfavorable  to  the  control  of  currant  anthracnose  by  spraying. 

Currant  growers  in  the  Hudson  Valley  fully  realize  the  impor- 
tance of  protecting  their  plants  against  the  ravages  of  currant 
worms^i  which  strip  the  bushes  of  their  leaves  in  a  surprisingly 
short  time.  Of  late  years  they  have  abandoned  the  use  of  helle- 
bore, the  standard  remedy  for  currant  worms,  and  substituted 
for  it  Bordeaux  mixture  containing  Paris  green,  green  arsenoid 
or  some  other  arsenical  poison.  Promptly  upon  the  first  appear- 
ance of  the  worms  the  bushes  are  given  a  thorough  spraying 
with  the  poisoned  Bordeaux  mixture.  If  the  work  is  well  done, 
and  rains  not  too  frequent,  a  single  application  suffices  for  the 
season.  Whereas,  if  hellebore  is  used  it  is  usually  necessary  to 
make  two  or  more  applications,  because  there  are  generally  two 
and  sometimes  three  broods  of  worms  during  the  season  and  the 


"Two  distinct  species  of  currant  worms  occur  In  the  Hudson  Valley, 
which  not  only  differ  in  appearance  but  also  in  habits.  The  one  generally 
known  as  the  currant  span-worm,  called  gooseberry  span-worm  in  some 
sections  {Diastictis  ribearia),  is  single  brooded;  while  the  imported  currant- 
worm  or  currant  saw-fly  (Nematits  ventricosus),  has  two  broods  each  year. 
The  larva  of  the  first  is  a  caterpillar.  They  appear  early,  sometimes 
before  the  currant  leaves  are  even  fairly  expanded.  They  grow  rapidly 
and  feed  voraciously.  By  the  last  of  May  or  first  of  June  they  are  full 
grown  and  stop  feeding.  At  this  time  they  are  about  one  inch  long,  of 
a  bright  yeUow  color,  marked  with  white  lines  on  the  sides  together  with 
numerous  black  spots  and  dots.  They  can  also  be  distinguished  from  the 
imported  currant-worm  by  their  habit  of  looping  the  body  when  they 
travel.  These  worms  leave  the  bushes  about  the  first  of  June  and  go  into 
the  ground  where  they  change  to  the  chrysalis  form.  Early  in  July  they 
issue  as  adult  moths  or  millers  and  can  be  seen  flying  over  the  fields 
during  July  and  part  of  August.  In  color  the  adult  moth  is  pale  yellow 
with  dusky  spots  or  bands  on  the  wings.  Seen  at  a  distance  it  could 
easily  be  mistaken  for  the  butterfly  of  the  cabbage-worm  flying  over  the 
currant  fields.  The  eggs  are  deposited  on  the  branches  of  the  currants 
and  do  not  hatch  until  the  following  spring. 

The  imported  currant-worm  is  the  slug-like  caterpillar  of  a  saw-fly. 
The  flies  appear  about  the  time  the  span-worm  hatches  from  the  eicrg. 
They  pair  first,  then  lay  their  eggs  upon  the  underside  of  the  currant 
leaves,  usuaUy  along  the  larger  veins.  The  eggs  hatch  a  week  or  ten 
days  after  being  deposited.  Owing  tjo  the  time  required  for  laying  and 
hatching  the  eggs,  the  worms  do  not  appear  until  one  or  two  weeks  after 
the  span-worm  has  commenced  feeding.    The  larvae  of  the  saw-fly  reach 
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hellebore  applied  for  the  first  brood  is  washed  off  by  rain  before 
the  appearance  of  the  second  brood,  Bordeaux  mixture,  on  the 
contrary,  ia  not  readily  removed  by  rain  and  enough  of  it  still 
remains  on  the  leaves  to  kill  the  second  brood  of  worms.  Besides 
requiring  but  a  single  application,  the  Bordeaux  mixture  haa  an 
additional  advantage  in  that  it  protects  the  foliage,  to  a  consid- 
erable extent,  against  leaf  spot.  The  superiority  of  Bordeaux 
mixture^  is  ao  evident  that  the  use  of  hellebore  has  been  almost 
entirely  abandoned,  except  in  cases  where  the  application  has 
been  postponed  until  the  fruit  is  ao  large  that  there  is  danger  of 
spotting  it  if  Bordeaux  is  used.  The  application  of  the  poisoned 
Bordeaux  is  made  upon  the  first  appearance  of  worms;  but  last 
spring  the  worms  appeared  somewhat  later  than  usual  and  so 
the  Bordeaux  was  applied  later.  In  fact,  many  persons  accus- 
tomed to  spray  for  worms  did  not  do  so  the  past  season  because 
there  were  so  few  worms  that  it  seemed  unnecessary. 


maturity  in  June,  at  which  time  they  are  about  three-quarters  of  an  inch 
long.  They  go  to  the  ground  and  spin  cocoons  around  themselves  in 
which  they  change  to  chrysalides.  During  July  they  change  again  to 
adult  flies;  as  a  result  a  second  brood  of  worms  occurs  after  the  crop  of 
fruit  is  gathered.  This  worm  can  be  distinguished  from  the  span-worm 
by  its  color,  which  is  usually  green  covered  with  black  dots,  with  the 
extremities  sometimes  tinged  with  yellow;  also  by  the  fact  that  It  does 
not  loop  the  body  when  it  travels,  but  does  frequently  curl  itself  up  side- 
wise  when  feeding. 

In  most  sections  of  the  country  the  last  described  species  is  usually  the 
most  common  currant  pest.  When  hellebore  is  recommended,  this  is  the 
worm  that  is  supposed  to  be  doing  the  damage. 

The  currant  growers  of  the  Hudson  Valley  have  two  distinct  species  of 
worms  to  combat  and  these  worms  appear  at  three  distinct  periods.  This 
would  require  not  only  frequent  applications  of  hellebore  but  also  large 
quantities  of  it  Such  treatment  is  expensive.  The  use  of  hellebore  has 
also  proven  worthless  as  a  remedy  for  the  span-worm,  as  shown  by  the 
fact  that  in  1807  the  fields  in  the  vicinity  of  Highland,  even  where  heUe- 
bore  was  applied  frequently,  were  completely  stripped  by  this  pest. 
These  conditions  have  done  much  to  induce  growers  to  use  some  arsenical 
compound  In  Bordeaux  mixture. — F.  A.  Sibrine. 

"It  appears  that  poisoned  Bordeaux  mixture  as  a  remedy  for  currant 
worms  came  into  use  In  the  Hudson  Valley  about  1898.  It  was  recom- 
mended by  Mr.  F.  A.  Sirrine  in  a  short  article  published  in  the  Eastern 
Setc  York  Horticulurist  for  October,  1897.  Mr.  J.  A.  Hepworth  of  Marl- 
borough  and  Messrs.  W,  D.  Bams  &  Son  of  Middle  Hope  were  among 
the  first  to  use  it. 
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Some  persons  thought  they  saw  evidence  that  the  single  appli- 
cation of  Bordeaux  for  worms  had  lessened  the  amount  of  dam- 
age from  anthracnose.  In  the  plantation  of  Mr.  A.  B.  Clarke  at 
Milton,  we  observed  that  in  one  portion  anthracnose  was  con- 
siderably nK>re  severe  than  in  an  adjacent  portion.  Upon  inquiry 
as  to  the  cause  we  were  informed  that  one  portion  had  been 
sprayed  once  with  Bordeaux  mixture  while  the  other  had  not. 
In  this  case  there  appeared  to  be  a  marked  benefit  from  spray- 
ing; but  in  general  the  Bordeaux  applied  for  worms  did  not  have 
much  effect  on  the  anthracnose.  Probably  the  application  was 
made  too  late. 

In  the  absence  of  experimental  data  we  can  only  make  sugges- 
tions as  to  treatment.  Bordeaux  mixture  will  probably  control 
the  disease,  but  the  spraying  must  be  commenced  early.  In  view 
of  the  ;tact  that  the  anthracnose  fungus  inhabits  the  canes,  the 
first  application  should  be  made  on  the  bare  canes  before  the 
leaves  appear,^^  Special  attention  should  be  given  to  the  new 
wood  because  there  is  where  the  spores  are  most  abundant.  In 
fact  no  spores  have  yet  been  found  on  the  old  wood.  However, 
the  old  wood  should  also  be  sprayed,  because  it  is  possible  that 
some  spores  do  occur  on  it,  and  also  because  of  the  possible 
effect  on  cane  blight.  How  the  fungus  of  cane  blight  gets  into  the 
canes  is  not  known,  but  there  is  good  reason  for  believing  that 
thorough  spraying  of  the  canes  will  have  a  tendency  to  prevent 


"For  the  first  treatment  a  strong  solution  of  copperas  (Iron  sulphate) 
may  be  used  instead  of  the  Boideaux.  Make  a  saturated  solution  (that 
is,  add  copperas  to  water  until  no  more  will  dissolve)  and  apply  while 
the  buds  are  swelling  but  before  they  break.  By  some,  this  treatment  Is 
thought  to  be  beneficial  for  grape  anthracnose  (See  N.  Y.  Agr.  Exp.  Sta. 
Bui.  86:79;  and  Bui.  170:410),  particularly  when  about  one  per  cent  of 
sulphuric  acid  is  added  to  the  copperas  solution.  But  if  the  sulphuric 
acid  is  added  the  mixture  can  not  be  applied  with  a  spraying  machine, 
because  it  is  so  very  corrosiTe.  In  that  case  it  must  be  applied  with  a 
swab  or  whisk  broom.  The  fungus  of  grape  anthracnose  is  closely 
related  to  that  of  currant  anthracnose  and  there  is  some  reason  for 
believing  that  any  treatment  which  is  successful  for  the  one  would  be 
successful  for  the  other.  Nevertheless  we  have  recommended  Bordeaux 
mixture  for  the  first  treatment  for  the  following  reasons:  (1)  Bordeaux 
is  likely  to  be  equally  effective:  (2)  The  treatment  is  less  complicated; 
(3)  There  is  no  danger  of  injury  to  the  plants  or  to  the  sprayer. 


Digitized  by 


Google 


New  York  Agrictjlttjral  Exphrimbnt  Station.        141 

its  attacks.  The  second  spraying  should  be  made  while  the 
leaves  are  unfolding,  and  thereafter  the  treatment  should  be 
repeated  at  interrals  of  ten  to  fourteen  day«  until  there  is 
danger  of  permanently  spotting  the  fruit.  Upon  the  appearance 
of  worms  add  Paris  green  or  green  arsenoid  to  the  mixture.  In 
wet  seasons  one  or  two  applications  should  be  made  after  the 
fruit  is  gathered.  < 

Spraying  in  the  early  part  of  the  season  should  be  done  with 
especial  thoroughness  and  regularity  in  order,  if  possible,  to 
keep  the  diseases  completely  under  control  until  the  time  when 
the  spraying  must  be  discontinued  on  account  of  si>otting  the 
fruit. 

To  restate  the  matter  briefly:  Spray  thoroughly  with  Bor- 
deaux mixture,  commencing  before  the  leaves  appear.  Make 
the  second  treatment  as  the  leaves  are  unfolding  and  thereafter 
at  intervals  of  ten  to  fourteen  days  until  the  fruit  is  two-thirds 
grown.  In  wet  seasons  make  one  or  two  applications  after  the 
fruit  is  gathered.  When  worms  appear  add  Paris  green  or  green 
arsenoid  to  the  Bordeaux. 

It  seems  to  us  probable  that  currant  growers  in  the  Hudson 
Valley  will  find  spraying,  as  suggested  above,  a  profitable  prac- 
tice. Anthracnose  may  not  be  epidemic  except  occasionally,  but 
it  probably  does  some  damage  nearly  every  season.  Leaf  spot  is 
nearly  always  plentiful  in  the  latter  part  of  the  sesaon,  and 
sometimes  causes  the  leaves  to  fall  before  the  fruit  is  ripe.  Cane 
blight  is  always  destructive,  and  one  application  must  be  made 
for  the  worms  anyway.  We  believe  that  loss  from  all  these 
troubles  may  be  materially  lessened  by  spraying.  While  the  cur- 
rant bears  premature  defoliation  remarkably  well,  preservation 
of  the  foliage  must  result  in  increased  vigor  of  the  plants  and, 
consequently,  larger  yields  of  fruit 
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F.  C.  STEWAET  AND  H,  J.  EDSTAOB. 

SUMMARY. 

I.  In  a  nursery  cellar  at  Rochester  25,000  pear  trees  were 
seriously  injured  b.y  thawing  too  suddenly.  The  sand  covering 
the  roots  of  the  trees  had  become  frozen,  and  in  order  to  facili- 
tate the  removal  of  the  trees  a. fire  was  built  in  the  cellar.  A 
few  days  later  it  was  found  that  the  upper  parts  of  all  the  trees 
had  turned  black.  Although  the  trees  were  practically  unin- 
jured for  planting,  it  was  impossible  to  dispose  of  them  at 
wholesale,  and  they  were  almost  a  total  loss  to  their  owner, 

II.  The  shot-hole  fungus  so  destructive  to  the  foliage  of  cher- 
ries and  plums  has  been  discovered  attacking  the  fruit-pedicels 
of  cherries.  This  discovery  is  of  considerable  scientific  interest, 
but  it  has  little  or  no  practical  bearing  on  the  control  of  the 
disease. 

III.  The  fungus  of  antirrhinum  anthracnose  which  was  sup- 
posed to  be  confined  exclusively  to  the  antirrhinum  has  recently 
been  found  on  a  common  weed  called  yellow  toad-flax.  Since 
this  weed  may  communicate  the  disease  to  the  antirrhinum,  the 
treatment  of  the  disease  on  the  latter  is  a  more  complicated  mat- 
ter than  has  been  supposed. 

IV.  It  has  been  observed  that  imperfectly  fertilized  peaches 
may  attain  considerable  size  and  remain  hanging  on  the  trees 
until  September.  In  such  cases  this  trouble  may  be  mistaken 
for  the  "  little  peach  "  disease  by  persons  unfamiliar  with  the 
latter.  However,  in  the  "little  peach"  disease  the  pit  is  of 
normal  size  and  provided  with  a  well-developed  kernel;  while  in 
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casea  of  imperfect  fertilization  the  pit  is  abnormally  small  and 
has  no  kernel,  or  at  least  only  a  partially  developed  one.  This 
difference  will  enable  anyone  to  distinguish  readily  between  the 
two  troubles. 

V.  At  Milton,  N.  Y.,  the  tile  drain  to  a  vinegar  cellar  was 
clogged  by  a  luxuriant  growth  of  the  fungus  LeptomUus  l<ict€U8. 
The  obstruction  was  easil}^  and  effectually  removed  by  placing  a 
small  quantity  of  copper  sulphate  crystals  in  the  upper  end  of 
the  drain. 

VI.  Drain  pipes  to  refrigerators  frequently  become  clogged 
with  a  slimy,  gray  growth  of  fungus  which  has  its  origin  in  the 
ice,  but  is  not  an  accumulation  of  matter  from  the  ice.  It  may 
be  easily  controlled  by  occasionally  washing  out  the  drain'  pipe 
and  ice  chamber  with  boiling  water. 

I.    TROUBLE  WITH  PEARS  IN  A  NURSERY  CELLLAR. 

In  March  of  the  present  year  the  Station  received  a  letter  from 
a  Rochester  nurseryman  requesting  that  an  expert  be  sent  to  his 
place  to  inquire  into  the  cause  of  a  serious  trouble  among  the 
pear  trees  in  his  nursery  cellar.  One  of  the  writers  of  this  arti- 
cle was  sent  to  investigate.  It  was  found  that  25,000  three-year 
old  standard  pear  trees  had  been  tied  into  bundles  of  ten  to  fif- 
teen trees  each  and  placed  in  the  nursery  cellar  in  an  upright 
position.  The  bundles  of  trees  were  set  in  rows  and  the  roots 
covered  with  sand,  after  the  usual  custom  in  such  cases.  The 
bark  on  the  trunks  and  branches  of  the  trees  was  of  normal  color 
and  apparently  all  right  up  to  a  height  of  about  three  and  one- 
half  feet,  but  above  this  point  the  bark  was  black,  and  many  of 
the  branches  were  evidently  dead.  This  condition  prevailed 
throughout  the  cellar  in  a  strikingly  .uniform  manner.  All  parts 
of  the  trees  below  three  and  one-half  feet  were  healthy  and  all 
parts  above  that  point  blackened.  This  blackening  of  the 
branches  was  suggestive  of  the  bacterial  fire  blight  and  the 
owner  was  fearful  that  it  might  be  an  outbreak  of  that  disease. 

Observing  that  a  fire  had  been  built  in  the  cellar,  suspicion  at 
once  pointed  in  that  direction,  and  after  an  inquiry  into  all  the 
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details  of  the  case  it  became  plain  that  the  trouble  was  due  to 
the  trees  having  been  thawed  out  too  suddenly. 

The  trees  were  of  many  different  varieties,  and  yet  all  were 
equally  affected.  Had  it  been  due  to  fire  blight  or  any  other 
parasitic  diseases,  some  varieties  would  have  been  injured  more 
than  others  and  some  individuals  more  than  others.  On  the 
disease  hypothesis  it  is  also  impossible  to  account  for  the  uni- 
formity  of  height  at  which  the  trees  were  affected.  When  the 
trees  were  placed  in  the  cellar  in  the  autumn  they  were  all  right, 
and  an  examination  of  some  trees  in  the  same  blocks  which  had 
remained  over  winter  in  the  field  showed  that  none  of  them  had 
blackened  branches.  Also,  some  of  the  same  lot  of  trees  which 
had  been  stored  in  another  cellar  were  free  from  the  trouble. 

For  many  years  it  has  been  the  practice  of  the  owner  of  the 
trees  to  keep  the  temperature  of  the  cellar  as  nearly  as  possible 
at  32°  F.,  and  whenever  the  temperature  tends  to  fall  below 
32°  an  open  wood  fire  is  built  on  the  floor  of  the  cellar.  In  the 
present  case,  however,  no  fire  was  built  during  the  winter. 
Hence,  early  in  the  winter  the  sand  about  the  roots  of  the  trees 
froze  to  a  depth  of  perhaps  three  inches  and  remained  frozen 
until  February.  On  February  25,  1200  of  the  trees  were  dug 
out  of  the  frozen  sand  and  packed  for  shipment.  No  complaint 
was  received  concerning  the  condition  of  these  trees,  so  it  may 
be  assumed  that  they  were  not  affected  with  the  branch  black- 
ening either  before  or  after  removal  from  the  cellar.  At  this 
time  all  trees  in  the  cellar  appeared  to  be  all  right. 

So  much  difficulty  was  experienced  in  removing  the  trees 
from  the  frozen  sand  that  it  was  decided  to  build  a  little  fire 
in  the  cellar  and  thaw  the  sand.  The  fire  was  built  February  27 
in  one  corner  of  the  cellar  where  the  1200  trees  had  been  removed 
two  days  earlier.  A  few  days  later  the  trees  were  observed  to  be 
in  the  unhealthy  condition  above  described.  Our  own  observa- 
tions were  made  March  15.  The  fire  had  not  been  suspected  as 
being  the  cause  of  the  trouble  because  it  had  long  been  the  cu8> 
torn  to  build  fires  in  cold  weather.  The  man  who  built  the  fire 
admitted  that  it  had  been  made  a  Iktle  larger  than  usual  in  order 
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to  thaw  the  sand  as  quickly  as  possible.  However,  it  is  unlikely 
that  the  Are  was  excessively  hot,  because,  if  it  had  been,  some 
bundles  of  trees  standing  close  to  it  would  have  been  badly 
scorched,  whereas  only  a  few  of  the  most  exposed  trees  were 
slightly  scorched  on  the  exposed  side  of  the  trunk.  Otherwise 
these  trees  were  scarcely  more  injured  than  trees  at  the  opposite 
end  of  the  cellar. 

The  heated  air  rose  to  the  ceiling  (which  was  about  seven  anG 
one-half  feet  above  the  floor  and  very  tight),  spread  out  over  its 
entire  surface  and  then  accumulated  in  a  layer  of  uniform  thick- 
ness. This  layer  of  warm  air  was  warmest  at  the  ceiling  and 
.  became  cooler  the  nearer  it  approached  the  floor.  The  tips  of  the 
branches,  being  nearer  the  ceiling,  were  enveloped  in  air  warmer 
than  that  surrounding  the  basal  portions  of  the  branches  and  the 
trunks.  They  were  also  smaller.  Consequently  the  upper  parts 
of  the  trees  thawed  out  more  quickly  than  the  trunks.  Now,  it  is 
a  well-known  fact  that  frozen  plants  which  may  be  thawed  with- 
out injury,  if  the  thawing  is  done  slowly,  may  be  ruined  if  thawed 
suddenly.  It  appears  that  the  pear  trees  were  thawed  too  sud- 
denly, and  that  the  line  marking  the  boundary  between  the 
injured  and  uninjured  portions  marks  the  height  above  which 
thawing  progressed  iioo  rapidly  for  safety.  That  the  temperature 
of  the  air  was  a  more  important  factor  than  the  size  of  the 
branches  is  shown  by  the  fact  that  one  bundle  of  Bartletts,  in 
which  the  trees  were  so  short  that  they  did  not  project  above 
the  danger  line,  was  wholly  uninjured. 

The  majority  of  the  trees  were  of  such  a  height  that  their 
branches  were  blackened  for  a  distance  of  six  to  eighteen  inches. 
Only  in  a  few  instances  did  the  injury  extend  quite  to  the  trunk. 
With  a  few  exceptions,  the  blackened  branches  might  have  been 
cut  away  without  removing  more  of  the  tops  than  is  customary 
in  transplanting;  and  since  it  is  unlikely  that  the  branches  were 
injured  below  the  point  of  discoloration,  the  trees  were  practi- 
cally unhurt  for  planters'  use.  Nevertheless,  the  trees,  which 
were  worth  about  |2000,  were  almost  a  total  loss  to  their  owner. 
Twelve  thousand  of  them  were  sold  for  flOO,  to  a  man  who  cut 
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them  back  and  planted  them,  losing  less  than  two  per"  dent, 
although  they  were  not  set  until  May  1.  The  owner  states  that 
had  he  been  doing  a  retail  business  he  could  undoubtedly  have 
disposed  of  a  large  proportion  of  the  stock  at  a  fair  price,  but 
»it  was  impossible  to  sell  it  at  wholesale. 

II.  SHOT-HOLE  FUNGUS  ON  CHERRY  FRUIT  PEDICELS. 

In  New  York  State  the  shot-hole  fungus,  Cylindrosporium  padi 
Karst.,  does  more  or  less  damage  every  season.  It  is  destruc- 
tive to  both  plums  and  cherries  in  the  nursery  and  in  the 
orchard.  During  the  past  season  it  was  unusually  destructive. 
Among  cherries,  the  variety  English  Morello  is  especially,  sus- 
ceptible to  the  disease.  Trees  of  this  variety  were  dropping 
their  leaves  quite  freely  as  early  as  June  26  and  in  some  cases 
the  trees  were  nearly  defoliated  by  August  1. 

On  June  26,  while  examining  some  seriously  affected  English 
Morello  trees  at  Milton,  it  was  observed  that  many  of  the  fruit- 
pedicels  bore  brown  spots  of  considerable  size.  Upon  micro- 
scopic examination  it  was  found  that  the  spots  were  caused  by 
the  shot-hole  fungus,  Cylindrosporium  padi. 

On  July  11  the  same  thing  was  observed  at  Highland.  In  this 
case  there  was  a  long  row  of  English  Morello  trees,  all  heavily 
loaded  with  fruit.  So  many  leaves  had  fallen  that  the  trees 
looked  bare.  The  fruit-pedicels  were  so  generally  attacked  by 
the  fungus  that  it  was  somewhat  difficult  to  find  one  which  was 
entirely  free  from  the  brown  spots.  The  spots  were  from  one- 
eighth  to  one-fourth  inch  in  length  and  extended  one-third  to 
one-half  the  distance  around  the  pedicel.  In  many  cases  they 
completely  encircled  the  pedicel.  Often  the  spots  coalesced,  and 
then  a  large  portion,  or  even  all,  of  the  pedicel  was  brown. 
Even  with  the  unaided  eye  one  could  detect  a  white  speck  or, 
more  often,  a  white  rift,  at  the  center  of  each  spot.  With  the 
aid  of  a  hand  lens  it  could  be  plainly  seen  that  the  white  specks 
were  gelatinous  spore  masses.  The  affected  pedicels  almost 
invariably  showed  an  abundance  of  the  spores.    The  same  was 
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true  at  Milton  two  weeks  earlier  and  also  at  Geneva,  on  July  13. 
There  was  no  difficulty  whatever  in  finding  the  spores. 

The  presence  of  the  spots  on  the  pedicels  caused  the  fruit  to 
ripen  unevenly.  Many  of  the  fruits  were  dwarfed  and  some  of 
those  most  severely  attacked  withered.  However,  these  injuries 
cannot,  with  justice,  be  attributed  wholly  to  the  spots  on  the 
pedicels.  The  premature  falling  of  the  leaves,  also,  had  some- 
thing to  do  with  it. 

We  believe  this  to  be  the  first  record  of  the  occurrence  of 
Cjlindrosporium  padi  on  the  fruit-pedicels  of  cherry.  We  do  not 
say  positively  that  such  is  the  case,  because  we  have  not  made 
an  exhaustive  examination  of  the  literature;  but  it  is  at  least 
safe  to  say  that  the  fact  is  not  generally  known,  because  it  is  not 
mentioned  in  any  of  the  many  accounts  examined  by  us. 

In  connection  with  the  appearance  of  Cjlindrosporium  on  the 
fruit-pedicels  we  Have  observed  a  spotting  of  the  green  fruits 
which  gave  cherry  growers  in  the  vicinity  of  Geneva  consider- 
able concern  last  spring.  It  was  first  brought  to  our  attention 
by  the  Station  Horticulturist,  Mr.  Beach,  about  June  15.  The 
fruits,  which  were  at  that  time  about  the  size  of  peas,  showed 
numerous  small,  brown,  slightly  sunken  spots.  As  the  fruits 
grew  many  of  them  became  somewhat  misshapen,  seemingly  as  a 
consequence  of  the  presence  of  the  spots.  The  spots  enlarged 
but  little  and  there  was  no  tendency  to  rot. 

In  the  vicinity  of  Geneva  this  trouble  was  exceedingly  com- 
mon on  English  Morello  and  Montmorency  Ordinaire,  and  fruit 
growers  were  fearful  that  the  crop  would  be  injured;  but  as  the 
cherries  began  to  swell  and  color  in  ripening  the  spots  seemed 
to  disappear,  so  there  was  little  or  no  loss  from  it. 

The  cause  of  this  spotting  is  unknown  to  us.  Because  of  its 
constant  association  with  Cylindrosporium  padi  on  English 
Morello  at  Geneva,  Milton  and  Highland  it  was  at  first  sus- 
pected that  it  might  be  due  to  that  fungus.  However,  no  evi- 
dence of  the  presence  of  any  fungus  could  be  found  on  the  spots. 
Moreover,  Montmorency  Ordinaire,  which  was  little  affected  by 
Cylindrosporium  on  the  foliage,  had  nearly  if  not  quite  as  much 
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of  the  frnit  spot  as  had  English  Morello.  These  two  facts, 
particularly  the  latter,  are  opposed  to  the  theory  that  the  spots 
were  due  to  Cylindroaparium  padi. 

IIL  ANTHRACNOSE  OP  YELLOW  TOAD-FLAX, 

On  June  26,  1901,  while  passing  through  a  peach  orchard 
infested  with  the  common  weed  variously  known  as  Yellow 
Toad-flax,  Butter-and-Eggs,  and  Ramsted,  it  was  observed  that 
some  of  the  plants  were  dying.  Upon  making  an  examination 
of  the  affected  plants  it  was  found  that  the  trouble  was  due  to 
an  anthracnose  which  was  attacking  the  plants  near  the  surface 
of  the  ground.  For  a  distance  of  two  to  four  inches  above  the 
surface  of  the  ground  the  stems  were  pitted  with  elliptical 
sunken  spots  almost  identically  like  those  produced  by  Colletotri- 
chum  (jmtirrhmi  on  stems  of  the  cultivated  snapdragon,  An- 
tirrhinwni  tnajus.^ 

Since  the  Yellow  Toad-flax,  Lifiaria  vulgaris  Mill.,  belongs 
to  the  same  family,  Scrophulariacese,  as  the  cultivated  snap- 
dragon, it  is  not  strange  that  it  should  be  attacked  by  the  snap- 
dragon anthracnose.  However,  no  case  of  the  kind  had  ever 
been  observed,  although  we  had  sought  carefully  for  it.  In  fact, 
the  disease  was  known  only  on  the  snapdragon,  hence  the  fol- 
lowing statement  in  our  Bulletin^  179:  ''So  far  as  known  at 
present,  this  anthracnose  attacks  no  other  plant  besides  the 
Antirrhinum.  Therefore,  the  florist  whose  grounds  are  free 
from  the  disease  will  have  no  trouble  so  long  as  he  propagates 
only  from  his  own  stock  or  from  seed.  In  such  a  case  the  source 
of  danger  is  in  diseased  cuttings  and  plants  from  other  estab- 
lishments." 

Upon  the  discovery  of  an  anthracnose  on  the  Yellow  Toad- 
flax we  immediately  became  interested  to  know  if  it  was  really 
the  same  as  the  snapdragon  anthracnose.  It  is  important  to 
know  this,  because  Yellow  Toad-flax  is  a  common  weed  of  wide 

*For  an  account  of  anthracnose  on  snapdragon,  see  Bui.  179  of  this 
Station. 

*  Stewart,  P.  C.  An  anthracnose  and  a  Stem  Rot  of  the  OulUvated 
Snapdragon.     N.  T.  Agr.  Exp.  Sta    Bui.  179:109. 
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distribution,  and  if  it  serves  as  a  host  plant  for  the  fungus  of 
snapdragon  anthracnose  the  problem  of  controlling  the  latter 
disease  is  a  more  complicated  matter  than  has  been  supposed. 

Accordingly  we  made  a  thorough  examination  of  the  disease 
and  the  fungus  causing  it.  The  majority  of  the  spots  were  black 
with  the  acervuli  of  a  Colletotrichum.  SetsB  and  spores  »vere 
abundant.  The  leaves  bn  the  diseased  portion  of  the  stem  were 
nearly  all  dead  and  brown.  Close  examination  revealed  the 
presence  of  anthracnose  spots  on  the  dead  leaves  and  there  were 
also  a  few  spots  on  the  living  leaves,  but  the  leaf  spots  were  in- 
eonspicuous  and  not  abundant.  In  all  morphological  characters 
the  fungus  agrees  fully  with  Colletotrichum  a/ntirrhini  and  there 
is  little  doubt  but  it  is  that  fungus.  However,  positive  proof 
depends  on  cross  inoculations  with  pure  cultures.  These  have 
not  been  made. 

It  was  found  that  many  small  plants  had  been  killed  outright 
by  the  disease,  but  that  there  were  also  many  others  which, 
although  their  stems  were  covered  with  the  spots,  were,  never- 
theless, flowering  and  apparently  thriving.  While  the  disease 
evidently  does  some  damage  to  the  wood,  it  seems  unlikely  that 
it  can  be  turned  to  any  practical  account  as  an  aid  in  its  eradica- 
tion. 

The  original  place  of  discovery  was  near  Milton  on  a  steep 
hillside  in  a  rather  dry  situation  where  the  plants  were  partially 
shaded  by  peach  trees.  Later  it  was  found  in  similar  situations 
on  two  other  farms  at  Milton  and  also  at  Middle  Hope. 

IV.    IMPERFECT  FERTILIZATION  AND  THE  LITTLE 
PEACH  DISEASE. 

During  the  past  few  years  peach  growers  in  Michigan  and 
in  Western  New  York  have  been  much  concerned  over  the  ap- 
pearance of  a  new  and  destructive  disease  known  as  the  "  little 
peach  "  disease.  It  appears  to  have  been  first  described  by  Taf t' 
in  March,  1898.    In  October  of  the  same  year  a  more  extensive 

•Taft,  L.  R.     Mich.  Agr.  Kxp.  Sta.  Bui.  155:303-304. 
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account  was  published  by  Smith.*  The  latter  article  has  been 
widely  quoted  in  the  horticultural  journals.  Thus  far  no  remedy 
for  the  disease  has  been  found,  and  even  the  cause  of  it  is  still 
unknown.  However,  it  is  announced  that  Mr.  M.  B.  Waite,  an 
expert  connected  with  the  United  States  Department  of  Agri- 
culture, has  the  subject  under  investigation  and  it  is  confidently 
believed  that  we  shall  know  considerably  more  about  the  disease 
in  the  near  future. 

Since  so  much  has  been  said  about  the  disease  and  it  is  known 
to  occur  in  various  parts  of  New  York  State,  particularly  in 
Niagara  County,  our  fruit  growers  are  constantly  on  the  look- 
out for  it. 

During  the  past  season  a  fruit  grower  of  Penn  Yan  suspected 
that  the  "  little  peach  '*  disease  had  made  its  appearance  in  his 
orchard.  Upon  investigation  it  proved  to  be  simply  a  case  of 
imperfect  fertilization.  Of  course  imperfect  fertilization  is  com- 
mon among  peaches,  but  this  case  had  some  unusual  features 
making  it  worthy  of  record.  Moreover,  there  are  undoubtedly 
many  fruit  growers,  like  the  one  at  Penn  Yan,  who  have  read  of 
the  "  little  peach  "  disease,  but  having  never  seen  it  are  unable 
to  distinguish  it  with  certainty  from  the  effects  of  imperfect  fer- 
tilization. Hence,  it  seems  desirable  to  give  a  detailed  account . 
of  the  Penn  Yan  case. 

The  orchard  was  composed  of  150  ten-year-old  trees  of  the 
variety  Globe.  Occasional  trees  of  several  other  varieties  were 
intermingled.  The  owner  stated  that  enough  fruit  had  set  to 
make  a  full  crop.  In  fact,  he  expected  to  be  obliged  to  thin  it; 
but  the  great  majority  of  the  fruits  failed  to  develop,  although 
most  of  them  remained  hanging  on  the  trees  until  ripening  time. 
He  estimated  that  the  yield  of  marketable  fruit  was  between 
one-eighth  and  one-sixth  of  a  full  crop,  the  money  loss  being 
about  |500.  Our  observations  were  made  September  25.  At 
that  time  most  of  the  marketable  fruit  had  been  gathered,  but 
the  majority  of  the  small  imperfect  fruits  were  still  on  the 


*  Smith,  Erwin  F.    Notes  on  the  Michigan  Disease  Known  as  "Little 
Peach."     The  Fennville  (Mich.)  Herald.    Oct.  15,  1898. 
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trees.  On  the  same  tree  and  even  on  the  same  branch  one  could 
find  fruits  of  all  sizes  from  one-half  inch  in  length  up  to  normal 
fruits  having  a  circumference  of  about  eight  inches.  (Plates 
II- V).  The  majority  of  them  were  smaller  than  a  normal  peach 
pit.  For  the  most  part  the  little  fruits  were  normal  in  color  and 
free  from  rot.  However,  some  of  the  smallest  were  somewhat 
shriveled.  Nearly  all  of  them  below  the  size  of  a  walnut  could 
be  cut,  without  much  difficulty,  directly  through  the  pit,  which 
was  abnormally  small  and  rather  soft.  Fruits  of  this  size  were 
usually  without  any  kernel  in  the  pit.  Those  which  were  one- 
half  to  two-thirds  normal  size  often  had  pits  with  kernels  which 
had  partially  developed  and  then  decayed.  Frequently  the 
cavity  was  filled  with  gum.  The  little  fruits  were  often  mis- 
shapen.   Many  were  double  and  some  triple. 

It  is  not  unusual  to  find  unfertilized  peach  fruits  in  the  spring, 
little  woolly  things  which  fall  early  in  the  season  in  what  is 
called  the  "June  drop."  The  unusual  feature  of  the  present 
ease  is  the  fact  that  the  unfertilized  fruits  hung  on  the  trees 
until  ripening  time  and  some  of  them  made  considerable  growth. 
Had  they  fallen  at  the  usual  time  they  would  not  have  attracted 
attention,  but  it  would  simply  have  been  said  that  the  fruit  did 
not  set  well. 

Why  this  particular  orchard  should  behave  in  this  way  is  not 
clear.  So  far  as  can  be  learned  the  orchard  has  received  no  unu- 
sual treatment  which  would  account  for  such  a  condition.  That 
it  was  partly  due  to  some  peculiarity  of  the  variety  is  shown  by 
the  fact  that  trees  of  other  varieties,  viz.,  Old  Mixon,  Stevens 
Rareripe,  Hill  Chili,  Smock,  Stump  and  Elberta,  which  were 
intermingled  with  the  Globe  trees,  all  bore  a  full  crop  and  with 
the  exception  of  Elberta  none  of  them  showed  any  sign  of  the 
trouble.  Elberta  showed  a  little  of  it.  Still  it  cannot  be  wholly 
a  question  of  varieties,  because  last  year  the  same  trees  bore  a 
full  crop  of  fine  fruit;  and  the  owner  has  never  before  noticed 
any  of  the  trouble. 

Most  of  the  trees  were  in  a  fair  condition  of  general  health. 
For  the  most  part  the  leaves  were  dark  green  and  there  had  been 
a  fairly  good  growth  of  new  wood.     Last  year  there  was  a  full 
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crop  of  fruit,  but  it  was  thinned  so  that  the  trees  were  not  injured 
by  overbearing.  The  soil  is  a  sandy  loam,  well  drained,  and  the 
air  drainage  is  fairly  good.  The  soil  has  been  cultivated  every 
year  and  no  other  crop  has  been  grown  between  the  rows  except 
when  the  trees  were  small.  Last  spring  the  orchard  was  not 
plowed  until  about  June  1,  and  then  the  soil  baked  so  hard  that 
there  was  much  difficulty  in  pulverizing  it  again.  No  manure 
was  applied  in  the  fall  of  1900  and  none  in  the  spring  of  1901. 
In  the  early  life  of  the  trees  the  owner  thought  they  grew  too 
fast  and  so  manure  was  withheld  from  them  somewhat. 

The  intermingling  of  the  other  varieties  seemed  to  have  no 
effect  upon  the  Globe.  Globe  trees  standing  adjacent  to  trees 
of  other  varieties  having  a  full  crop  of  fruit  were  quite  as  much 
affected  as  trees  standing  at  a  considerable  distance  from  other 
varieties. 

In  the  "little  peach''  disease  the  pit  is  of  normal  size  and 

contains  a  well  developed  kernel,  whereas  in  this  case  the  pit  is 

abnormally  small  and  contains  no  kernel  or  at  most  only  an 

abortive  one.    Herein  lies  the  most  striking  difference  between 

"  little  peach  ^  and  the  effects  of  imperfect  fertilization.    Plates 

III  and  IV  show  natural-size  photographs  of  thirteen  peaches,  all 

from  one  tree.    Plate  IV  also  shows  natural-size  photographs  of 

the  pits  from  these  thirteen  fruits.    Number  one  was  a  normal 

fruit,  while  the  others  were  undersized  as  a  consequence  of 

imperfect  fertilization.    By  comparing  the  photographs  of  the 

fruits  with  the  photographs  of  their  pits  it  will  be  seen  that 

there  is  an  intimate  relation  between  the  size  of  a  fruit  and 

the  size  of  its  pit.    Also  that  the  majority  of  the  pits  were  far 

below  the  normal  size.    The  latter  is  also  shown  in  a  striking 

manner  by  the  weights  of  the  pits  as  given  in  the  accompanying 

table: 

Table  Showing  Weights  of  Peach  Pits. 

Pit  No.  1  weighed....  6.96  grams.  Pit  No.    7  weighed 80  grams. 

Pit  No.  2  weiglied 6.24  grams.  Pit  No.     8  weighed 50  grams. 

Pit  No.  3  weighed....  5.05  grams.  Pit  No.    9  weighed 40  grams. 

Pit  No.  4  weighed....  2.41  grams.  Pit  No.  10  weiglied 20  grams. 

Pit  No.  5  weighed....  1.15  grams.  Pit  No.  11  weighed 20  grams 

Pit  No.  6  weighed 1.24  grams.  Pit  No.  12  weighed 20  grams. 


Pit  No.  13  weighed. .. .  .05  grams. 
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When  a  tree  is  aflfected  with  "  little  peach  "  all  of  the  fruits 
on  any  given  branch  are  affected  and  are  fairly  nniform  in  size; 
whereas,  in  the  case  nnder  consideration,  a  normal  frnit  and 
small  fruits  of  various  sizes  may  be  found  on  the  same  small 
branch.    (Plate  II.) 

.  There  are  other  important  differences  between  "  little  peach  *^ 
disease  and  the  effects  of  imperfect  fertilization;  but  the  two 
above  stated  are  sufficient  to  enable  anyone  to  distinguish  be- 
tween them.  It  is  important  for  fruit  growers  to  note  these 
differences.  Trees  affected  with  "little  peach*'  should  be 
promptly  removed.  They  do  not  recover  and  it  is  possible  that 
they  may  be  a  source  of  infection  to  healthy  trees.  Imperfect 
fertilization,  on  the  contrary,  is  certainly  not  infectious,  and 
trees  seriously  affected  one  season  may  bear  a  full  crop  the  fol- 
lowing season.  Consequently,  it  would  be  unwise  to  destroy 
trees  because  of  imperfect  fertilization. 

Mr.  G.  Hiester,^  writing  in  the  Country  Oenileman  for  Novem- 
ber 24, 1898,  states  that  in  1896  his  orchard  of  3,000  trees  bore  a 
crop  of  imperfectly  fertilized  peaches.  The  following  year  the 
same  trees  gave  "  an  abundant  crop  of  perfect  peaches."  Evi- 
dently Mr.  Hiester  had  to  do  with  a  case  similar  to  that  observed 
by  us  at  Penn  Yan,  but  he  makes  the  serious  mistake  of  con- 
fusing it  with  the  "  little  peach  "  disease. 

Another  case  of  imperfect  fertilization  was  observed  in  a 
peach  orchard  near  Geneva.  On  the  east  side  of  the  orchard 
there  were  six  rows  of  the  variety  Crosby  and  on  the  opposite 
side  six  other  rows  of  the  same  variety.  Between  the  two 
blocks  of  Crosby  there  were  several  rows  of  Brigdon  and  Red 
Cheek  Melocoton.  The  Crosby  was  so  much  affected  with  im- 
perfect fertilization  that  the  yield  was  only  about  one-sixth  of 
a  full  crop;  while  the  other  two  varietiee  were  affected  but  little. 
According  to  the  foreman  in  charge,  the  Crosbys  were  similarly, 
but  not  so  much,  affected  in  1900. 


•Hlestpr.  GabrieL    The  Cause  of  Little  Peaches.    Country  Gent,  63:928. 
24  K.  1808. 
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V.    TILE  DRAIN  CLOGGED  BY  FUNGUS. 

On  June  13,  1901,  while  investigating  an  outbreak  of  currant 
anthracnose  in  the  vicinity  of  Milton,  we  met  Mr.  H.  H.  Hallock, 
a  vinegar  manufacturer  of  that  place.  Mr.  Hallock  informed  us 
that  the  tile  drain  to  his  vinegar  cellar  had  become  clogged  some 
time  during  the  previous  May  and  upon  investigation  he  had 
found  that  the  cause  of  the  trouble  was  a  fungous  growth  re- 
sembling the  "  mother  "  of  vinegar.  He  removed  some  of  the 
tiles  at  intervals  of  about  twenty-five  feet  and  laboriously  poked 
out  the  fungus  until  the  drain  was  clear.  In  about  three  weeks 
it  clogged  again.  Knowing  the  destructive  effect  of  copper  sul- 
phate on  fungi  in  general  it  occurred  to  him  to  try  to  remove  the 
fungus  by  putting  some  of  the  chemical  into  the  upper  end  of 
the  drain.  Accordingly,  this  was  done.  About  one-fourth 
pound  of  copper  sulphate  crystals  was  placed  in  the  upper  end 
of  the  drain  on  Saturday.  The  following  Monday  it  was  found 
that  a  large  quantity  of  the  fungus  had  been  discharged  from 
the  outlet  and  the  drain  was  again  clear.  However,  in  a  few 
days  it  clogged  for  the  third  time,  and  the  copper  sulphate  treat- 
ment was  applied  again  with  beneficial  results.  Fully  one-half 
barrel  of  the  fungus  was  discharged.  This  was  about  June  10. 
During  the  remainder  of  the  season  the  fungus  gave  no  further 
trouble. 

Our  visit  on  June  13  was  timely.  A  large  quantity  of  the 
fungus  lay  in  a  pool  of  water  at  the  mouth  of  the  drain  where  it 
could  be  readily  examined.  It  consisted  of  brownish,  ropy,  slip- 
pery masses  of  various  sizes  somewhat  resembling  the  so  called 
"  mother "  of  vinegar.  A  small  quantity  was  obtained*  for 
microscopic  examination.  It  was  found  to  consist  almost 
exclusively  of  hyphae  having  a  diameter  of  8  to  11  a.  Some  of 
the  hyphaj  were  almost  wholly  destitute  of  contents,  ivhile 
others  contained  brownish  granules  which  gave  the  brownish 
tinge  in  mass.  The  hyph®  were  sparingly  branched  in  a  dicho- 
tomous  fashion.  At  regular  intervals  they  were  sharply  con- 
stricted and  at  each  constriction  there  was  a  single  spherical 
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body,  steel  blue  in  color  and  having  a  diameter  slightly  less 
than  that  of  the  hypha.  On  account  of  the  presence  of  these 
bodies  it  was  not  easy  to  determine  whether  there  were  septa 
at  the  points  of  constriction,  but  it  was  finally  decided  that  the 
hyphae  were  non-septate.    No  sign  of  fructification  was  present. 

After  a  vain  endeavor  to  determine  the  fungus  it  was  sub- 
mitted to  Prof.  Geo.  F.  Atkinson,  who  at  once  identified  it  as 
Leptomitus  lacteuB  Ag.  With  the  name  of  the  fungus  known,  its 
literature  became  accessible  and  it  was  learned  that  the  fungus 
is  one  which  lives  in  water  contaminated  with  organic  mat- 
ter. In  the  present  case  it  was  feeding  upon  the  small  quantity 
of  cider  drained  from  the  floor  of  the  vinegar  cellar.  Hum- 
phrey* reports  its  occurrence  at  Bridgeport,  Conn.,  in  a  stream 
below  a  tripe  house;  and  Goeppert^  observed  it  growing  in  a 
small  stream  below  a  beet-molasses  manufactory  near  Schweid- 
nitz,  in  Silesia.  Humphrey*  states  that  in  his  studies  "  it  ap- 
peared in  fly  cultures  from  waters  from  the  outlets  of  drains 
containing  decaying  vegetable  matter;"  but  so  far  as  we  can 
learn  it  has  not  been  previously  reported  troublesome  in  drains 
except,  perhaps,  in  a  single  instance.  In  the  Country  Gentleman 
(Vol.  61,  p.  406)  for  May  21,  1896,  there  is  a  short  article  headed, 
**  Fungus  in  Drain."  In  this  article  C.  W.  B[eak]  of  South 
Onondaga,  N.  Y.,  gives  an  account  of  the  clogging  of  his  barn- 
yard drain  by  "  a  thick  scum— looks  like  the  *  mother '  in  vine- 
gar." By  correspondence  with  Mr.  Beak  we  have  obtained  ad- 
ditional details  of  the  case  and  it  appears  probable  that  the 
cause  of  the  trouble  was  Leptomitus  lacteus. 

The  spherical  bodies  at  the  points  of  constriction  in  the 
hyphse  are  so  constant  and  so  characteristic  that  they  should 
serve  as  a  mark  of  identification.'^    (Plate  VI,  Fig.  1).    They 

•Humphrey,  J.  E.  The  Saprolegnlacea*  of  the  ITnited  States,  with 
Notes  on  Other  Species.     Trann.  Am.  Phil.  8oc,,  17  (III):136. 

'Gopppert,  H.  R.  Ueber  Leptomitus  lactens  in  der  Welstritz.  Ber.  d. 
Schley  Oesellsch.  f.  vaterl.  Cultur,  1852,  p.  54.  (Reference  taken  from 
Humphrey.) 

•Loc.  elt.,  p.  135. 

*Io  all  of  the  material  examined  by  us  the  cellulin  grains  (cellulin- 
komer)  were  fonnd  almost    invariably    at    the    points    of    constriction. 
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prove  to  be  the  "  Cellulinkdrner  "  of  Pringsheim.*^  According 
to  Pringsheim^  they  are  not  homogeneous  in  structure,  but  show 
stratification.  At  first  we  did  not  notice  this,  but  upon  closer 
inspection  it  was  found  to  be  true. 

Before  our  study  of  the  fungus  was  finished  and  before 
camera-lucida  drawings  had  been  made  the  fungus  decayed  and 
it  was  found  impossible  to  obtain  more  of  it.  About  October  7 
the  drain  became  clogged  and  Mr.  Hallock,  thinking  that  prob- 
ably the  fungus  was  the  cause,  applied  copper  sulphate  as  be- 
fore. But  this  time  the  remedy  did  not  work  and  upon  investi- 
gation it  was  found  that  rats  had  removed  the  wire  screen  from 
the  upper  end  of  the  drain,  thereby  permitting  the  ingress  of 
sticks  and  rubbish.  When  the  obstruction  was  finally  removed 
a  small  quantity  of  light  brown  fungus  came  away  with  it. 
While  to  the  unaided  eye  this  fungus  bore  some  resemblance  to 
the  fungus  which  had  clogged  the  drain  in  June,  the  microscope 
revealed  the  fact  that  it  was  quite  a  different  thing.  It  was  a 
mixture,  chiefly  of  two  kinds  of  fungi:  (1)  A  fungus  with  large 
hyphae  bearing  a  striking  resemblance  to  Bhizoctonia.  They 
had  a  brownish  tinge,  usually  branched  at  right  angles,  the 
branches  somewhat  constricted  at  the  point  of  departure  and 
with  the  first  septum  at  a  distance  from  the  wall  of  the  parent 
hypha.  (Plate  VI,  Pig.  2.)  However,  the  septa  were  not 
clearly  defined  and  in  many  cases  it  was  uncertain  whether  any 
real  septa  existed.    The  diameter  of  the  hyphse  varied  from  12 

OceasIoDally  a  constriction  was  without  a  cellulln  grain  and  sometimes 
cellulin  grains  were  found  elsewhere  than  at  the  constrictions;  but,  as 
a  rule,  there  was  a  single  cellulln  grain  at  each  constriction.  However, 
it  appears  that  this  condition  of  affairs  is  not  to  be  expected  in  all  cases, 
and  may,  perhaps,  be  the  exception  rather  than  the  rule.  Humphrey 
[Trans,  Am,  Phil.  £foo.,  17(III):6&],  in  speaking  of  cellulin  grains,  says: 
**  In  L.  lacteua  they  often  become  lodged  in  constrictions  of  the  hyphse." 
He  also  cites  Rothert's  observation  that  they  may  disappear  during  the 
formation  of  sporangia.  Pringsheim's  figures  (Ber.  d.  deutsch.  hot. 
Oesellsch.,  1,  Taf.  VII,  Figs.  1-9)  show  the  cellulin  grains  distributed  seem- 
ingly without  reference  to  the  constrictions. 

"Tringsheim,  N.  Ueber  CellulinkOrner,  eine  Modification  der  Cellulose 
in  Kornerform.  Ber.  d.  deutsch.  hot.  Oesellachaft,  l:288r-308.  Mit  Taf  el 
VII. 

"Loc.  cit 
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to  24  At.  the  most  common  size  being  15  m:  (2)  A  fungus  with 
unbrancbed,  colorless,  seemingly  non-septate  byphce  having  a 
diapaeter  of  about  2  /*.  (Plate  VI,  Fig.  3.)  Neither  fungus 
showed  any  fructification  and  neither  on^  was  determined. 

Subsequently  to  our  study  of  the  fungus  in  June  Mr.  Hallock^^ 
prepared  for  publication  a  brief  article  on  the  subject,  which 
appeared  in  the  Rural  New  Yorker  for  July  27, 1901.  In  addition 
to  the  circumstances  which  we  have  already  related,  he  states 
that  the  tile  drain  was  put  into  place  in  the  autumn  of  1900  to 
replace  a  stone  drain  which,  although  it  had  not  run  as  freely 
as  it  should,  had,  nevertheless,  never  become  completely  clogged 
during  the  several  years  in  which  it  was  in  operation.  The  new 
tile  drain  was  made  of  three-inch  porous  tiles  and  worked  all 
right  during  the  fall  and  winter,  but  clogged  in  the  spring  at  a 
time  when  there  was  plenty  of  rain  to  keep  the  drain  flushed  out. 
In  the  fall,  at  cider  making  time,  considerable  pomace  is  run  off 
through 'the  drain,  and  had  it  clogged  at  that  time  it  would  have 
been  less  strange. 

In  this  connection  it  is  interesting  to  note  that  Mr.  Beak's 
barnyard  drain  at  South  Onondaga  had  been  in  place  fifteen 
years  before  it  became  clogged.  He  removed  the  fungus  by 
mechanical  means.  In  his  recent  letter  to  us  he  states  that  he 
did  not  use  the  sulphuric  acid  recommended  by  the  Country  Gen- 
tleman; neither  did  he  use  any  other  chemical,  and  yet  the  drain 
has  not  clogged  since-  the  spring  of  1896.  Last  spring  he  again 
saw  indications  of  the  presence  of  the  fungus,  but  by  turning  a 
large  quantity  of  water  into  the  upper  end  of  the  drain  he  suc- 
ceeded in  washing  out  the  fungus  and  prevented  clogging. 

Mr.  Hallock's  method  of  clearing  his  drain  of  fungus  by  the 
use  of  copper  sulphate  is  so  simple  and  so  ch^ap  that  it  is 
worthy  of  recommendation  in  all  cases  of  this  kind.  Sulphuric 
acid,  carbolic  acid  and  other  strong  chemicals  are  also  destruc- 
tive to  fungi  and  may,  perhaps,  answer  equally  well. 

We  think  it  likely  that  the  clogging  of  drains  by  fungus  may 
be  more  common  than  is  generally  known. 

"H[allock],  H.  H.  Blue  Vitriol  Cleans  a  Drain.  Rural  New  Yorker, 
60:515. 
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EXPLANATION  OP  PLATE  VI. 

Fig.       1.  Leptomitus  lacteus  from  tUe  drain;  a,  a  celluUn  grain; 

Fig.  2.  Large  Jiyphm  from  tile  drain.  Magnification  225  diam- 
eters; 

Fig.  3.  Small  hypha  from  tile  drain.  Magnification  10m  diam- 
eters; 

Figs.  4-8.  Refrigerator  fungus:  4,  a  living  hypha;  5,  four  spores  (?)  ; 
6,  portion  of  a  hypha  u)ith  forming  spore  home  later- 
ally; 7,  portion  of  a  hypha  with  spore  borne  terminally; 
8,  hyphw  after  four  months  in  formalin.  Magnifica- 
tion 650  diameters. 

Note. — Figs.  2-8  made  tcith  the  aid  of  a  catnera-lucida.  Fig.  i, 
diagrammatic. 
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Platb  VI.— Fungi  Frou  Tile  Drain  and  Rbfriobrator. 
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VI.    A  FUNGUS  IN  REFRIGERATORS. 

Last  July  our  attention  was  called  to  a  refrigerator  which  was 
not  working  properly.  The  provision  compartment  was  flooded 
with  water.  Upon  investigation  it  was  found  that  the  drain 
pipe  was  plugged  throughout  its  entire  length  with  a  fungous 
growth.  The  conical  cap  over  the  lower  end  of  the  drain  pipe 
was  likewise  filled  with  it,  as  was  also  the  tube  of  a  large  funnel 
set  to  catch  the  water  and  conduct  it  through  the  floor. 

Being,  at  that  time,  interested  in  the  tile  drain  fungus  dis- 
cussed in  the  preceding  article,  we  at  once  became  interested  in 
this  somewhat  analogous  case  and  decided  to  make  a  study  of  it. 

The  fungous  growth  was  gray  or  dirty  gray  in  color;  but  on 
account  of  admixture  with  dirt  from  the  ice  some  of  it  was  quite 
dark.  It  had  a  slimy,  slippery  feel  and  clung  together  in  sheets 
or  rope-like  masses  w^hich  were  often  several  inches  in  extent. 
Microscopic  examination  showed  the  slimy,  gray  masses  to  be 
composed  of  small,  uncolored  fungous  hyphae  loosely  woven 
together.  The  hyphae  were  branched  and  had  a  diameter  of  3 
to  5/^*  They  contained  numerous  roundish  granules  of  various 
sizes,  and  appeared  to  be  non-septate.  The  most  striking  char- 
acter of  the  fungus  was  the  presence  of  curved  spore-like  bodies 
resembling  the  spores  of  Fusarium  except  that  they  were  non- 
septate.  They  measured  28  to  43 /*  in  length  by  4^/*  in  width. 
They  were  abundant  and  most  of  them  were  free,  but  occasion- 
ally they  were  found  attached  to  the  hyphae  both  laterally  and 
terminally  (Plate  VI,  Figs.  4-8).  We  have  been  unable  to  iden- 
tify the  fungus.  In  the  fresh  condition  we  were  unable  to  find 
any  traces  of  septation,  either  in  the  hyphae  or  spores;  but  after 
the  fungus  had  been  preserved  four  months  in  a  4  per  ct.  solu- 
ion  of  formalin,  some  of  the  hyphae  had  the  appearance  of  being 
septate  (Plate  VI,  Fig.  8).  However,  the  small  size  of  the  hyphae 
makes  it  difficult  to  determine  this  point  with  certainty;  there- 
fore, the  identity  of  the  fungus  is  very  uncertain.  If  the  hyphae 
are  really  non-septate  (and  we  incline  to  this  opinion)  the  fungus 
belongs  to  the  Phycomyceteae,  a  group  which  contains  many 
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species  of  watep-inhabitiag  fungi.  On  the  other  hand,  if  the 
hyphfB  are  septate  it  belongs  either  to  Fusarium  or  Fimsporium, 
and  the  species  of  these  genera  rarely  live  in  water. 

It  appears  that  this  gray,  slimy  fungus  ifi  of  common  occur- 
rence and  wide  distribution  in  refrigerators.  Upon  inquiry 
among  the  members  of  the  Station  staff  it  was  found  that 
several  of  them  are  familiar  with  the  fungus.  Five  of  them 
furnished  us  with  samples,  all  of  which  proved  to  be  identical 
with  the  original  sample.  In  each  case  the  fungus  with  small, 
colorless  hyphae  and  curved  spores  was  found  to  predominate. 
Sometimes  traces  of  other  fungi,  Oscillaria  and  bacteria  were 
found  but  never  in  quantity.  It  is  plain  that  the  chief  culprit  is 
the  fungus  above  described.  Mr.  Harding,  the  Station  Bacteri- 
ologist, informs  us  that  while  he  was  an  assistant  in  the  bacte- 
riological laboratory  of  the  University  of  Wisconsin  a  refrig- 
erator kept  in  the  laboratory  clogged  at  frequent  intervals  with 
a  fungus  probably  the  same  as  that  found  by  us. 

Correspondence  with  some  firms  manufacturing  refrigerators 
indicate  that  the  trouble  is  a  general  one.  The  Wilke  Manufac- 
turing Co.,  Anderson,  Ind.,  write  as  follows:  "  Replying  to  yours 
of  the  15th,  we  have  encountered,  in  a  commercial  way,  the  fun- 
gus growth  to  which  you  refer.  We  have  always  referred  to  it 
as  ^  slime  from  the  melted  ice.'  It  is  a  peculiar  deposit  or  growth, 
and  will  in  time  choke  up  the  drain  pipe.  There  seems  to  be 
little  or  no  difference  whether  the  ice  is  natural  or  artificial — 
from  distilled  water.  In  our  Instruction  Card,  which  accom- 
panies each  refrigerator,  we  refer  to  this  *  slime '  and  request  the 
usei«  to  remove  drain  pipe  and  scald  it  at  least  once  a  month 
during  the  summer  season." 

The  Bo  wen  Manufacturing  Co.,  Fond  du  Lac,  Wis.,  write: 
"  Our  attention  has  at  times  been  called  to  clogged  drain  pipes, 
which  on  being  emptied  proved  to  be  filled  with  a  substance 
having  the  appearance  of  jelly,  with  firmness  enough  to  hold 
together  in  lengths  of  several  inches.  We  had  never  looked  upon 
this  as  a  fungus  growth,  but  rather  as  gelatinous  matter  coming 
from  the  ice,  or  condensed  from  the  vapors  which  arise  from 
the  articles  placed  in  the  provision  compartment." 
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In  this  connection  we  will  call  attention  to  a  popular  error 
concerning  the  origin  of  the  "  slime."  In  the  main,  it  is  a  groicth 
and  not  a  deposit  or  accumulation  of  matter  from  the  melted  ice* 
In  all  probability  the  trouble  originates  with  the  ice;  that  is, 
the  ice  contains  spores  or  fragments  of  the  fungus  which,  upon 
the  melting  of  the  ice,  become  lodged  in  the  drain  pipe  and  then 
commence  to  grow  and  multiply  to  an  enormouB  extent.  In  all 
cases  coming  under  our  observation  the  principal  part  of  the 
obstruation  has  been  made  up  in  this  way;  but  if  there  is  dirt 
or  other  foreign  matter  in  the  ice  it  lodges  with  the  fungus  and 
adds  to  its  bulk.  The  nourishment  of  the  fungus  consists,  chiefly, 
of  waste  material  from  food  placed  in  the  ice  chamber.  With 
many  honsewivefl  it  is  a  common  practice  to  use  the  ice  chamber 
for  storing  provisions  whenever  the  provision  compartment 
becomes  crowded.  As  a  consequence,  milk,  meat  juices,  parti- 
cles of  butter,  etc.,  find  their  way  into  the  drain  pipe  to  furnish 
nourishment  for  the  fungus  growing  there. 

In  one  of  the  letters  quoted  above  it  is  stated  that  it  seems  to 
make  little  diflference. whether  the  ice  used  is  natural  or  manu- 
factured. This  needs  explanation.  Ice  made  from  distilled 
water  cannot  contain  the  germs  of  the  fungus  and  if  used  in  a 
new  refrigerator  there  would  probably  be  no  trouble  with  slime 
in  the  drain  pipe.  But  a  change  from  natural  ice  to  manufac- 
tured ice  will  not  result  in  the  disappearance  of  the  slime  unless 
the  precaution  is  taken  to  thoroughly  disinfect  the  drain  pipe 
and  the  ice  chamber.  Otherwise,  the  fungus  contiues  to  grow  as 
before,  because  the  drain  pipe  is  already  "  seeded  "  with  the  fun- 
gus before  the  manufactured  ice  comes  into  use. 

The  presence  of  the  fungus  should  not  be  regarded  as  evidence 
that  the  ice  is  dangerously  impure.  A  mere  trace  of  the  fungus 
in  the  ice  may  bring  about  a  luxuriant  growth  in  the  drain  pipe. 
The  simplest  and  most  effective  way  of  getting  rid  of  the  fun- 
gus is  to  occasionally  wash  out  the  drain  pipe  and  ice  chamber 
with  boiling  water. 

11 
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A  STUDY  OF  ENZYMES  IN  CHEESE .♦ 


Ii.  L.  TAN  SLYKE,  H.  A.  HARDING  AND  B.  B.  HAHT. 

SUMMARY. 

J.  Introduction. — Cheddar  cheese  contains  enzymes  coming 
from  (1)  bacteria,  (2)  milk  glands  of  cows  and  (3)  rennet.  These 
enzymes,  or  chemical  ferments,  change  insoluble  cheese-casein 
into  soluble  nitrogen-compounds.  The  investigation  has  aimed 
to  exclude  bacterial  action  in  cheese  and  limit  the  action  to 
results  produced  by  enzymes  present  in  milk  when  made  into 
cheese. 

//.  HistoriaU  outline. — Early  work  done  to  show  whether 
enzymes  were  active  in  cheese  ripening  gave  negative  results, 
owing  to  faulty  methods  of  investigation.  Babcock  and  Russell 
furnished  the  first  positive  evidence  in  1897  in  the  discovery  of 
the  enzyme  galactase  in  milk.  They  and  others  have  also  shown 
the  power  of  rennet-enzymes  to  render  cheese-casein  soluble. 

///.  Methods  of  duitnical  analysis  used. — Outlines  are  given  to 
show  methods  used  in  determining  total  nitrogen,  water-soluble 
nitrogen  and  nitrogen  in  forms  such  as  albumoses,  peptones, 
amides  and  ammonia;  also  method  of  determining  chloroform  in 
cheese.  In  milk,  the  term  soluble  nitrogen  includes  ail  nitro- 
gen-compounds except  casein  and  albumin;  in  cheese,  it  includes 
all  the  nitrogen  soluble  in  water  under  the  conditions  indicated. 

IV.  Effect  of  chloroform,  ether  and  formalin  on  the  action  of 
enzymes. — (1)  The  effect  of  quantities  of  chloroform,  varying  from 
2^  to  30  per  ct.  in  milk,  covering  a  period  of  192  days,  is  shown 
to  be  apparently  small  in  respect  to  restraining  enzyme  action. 
(2)  It  is  shown  that  increase  of  fat  in  a  mixture  has  little  or  no 
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effect  upon  the  antiseptic  valne  of  chloroform.  (3)  Chloroform 
is  shown  to  be  somewhat  more  effective  in  repressing  bacterial 
activity  than  ether  or  a  mixture  of  chloroform  and  ether,  with- 
out interfering  with  enzyme  action.  (4)  Formalin  appears  to 
restrain  enzyme  activity  much  more  than  does  chloroform. 

F.  Connection  between  haoteria  in  the  udder  cmd  enzymes  in  the 
milk. — Examination  of  milk  drawn  from  different  quarters  of  the 
udder  with  all  necessary  precautions  shows  that  there  is  an 
apparent  relation  between  the  number  of  bacteria  in  the  udder 
and  the  rapidity  with  which  soluble  nitrogen-compounds  are 
formed  in  the  milk. 

VI.  Ripening  process  in  normal  cheese  and  in  cheese  made  with 
chloroform. — (1)  Method  of  manufacture.  Chloroform  is  intro- 
duced into  milk  at  beginning  of  operation  of  cheese-making, 
using  4  or  5  per  ct.  of  chloroform  for  the  milk  employed.  The 
cheese  thus  made  contains  12  to  15  per  ct.  of  chloroform.  It 
is  then  kept  in  an  atmosphere  of  chloroform.  All  bacterial 
action  can  thus  be  prevented.  (2)  Chemical  changes  in  cheese 
under  chloroform  compared  with  the  normal  cheese.  In  normal 
cheese,  more  soluble  nitrogen  is  formed  than  in  cheese  made 
and  cured  with  chloroform;  the  soluble  nitrogen  at  the  end  of 
a  year  being  about  37  per  ct.  in  normal  cheese  and  less  than  23 
per  ct.  in  chloroform  cheese.  The  amount  of  soluble  nitrogen 
formed  in  chloroform  cheese  is  regarded  as  representing  work 
done  by  enzymes  present  in  the  milk  when  made  into  cheese. 
(3)  Influence  of  acid  upon  enzyme  action.  Two-tenths  of  one 
per  ct.  of  lactic  acid  added  in  the  operation  of  making  cheese 
with  chloroform  increased  the  amount  of  soluble  nitrogen  in 
a  marked  degree.  (4)  The  use  of  salt  retards  the  ripening  of 
clieese  to  a  degree  quite  marked.  (5)  Difference  in  character  of 
chemical  change  in  normal  and  in  chloroform  cheese,  (a)  In 
normal  cheese  the  proportion  of  amides  is  large  in  comparison 
with  albumoses  and  peptones.  In  chloroform  cheese  the  reverse 
is  true,  (b)  In  chloroform  cheese  little  or  no  ammonia  is  formed, 
while  in  normal  cheese  ammonia  appears  early  and  increases 
steadily. 
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I.    INTRODUCTION. 

Fermentation,  or  the  breaking  down  of  complex  organic  com- 
pounds into  simpler  ones,  was  first  looked  upon  as  a  purely 
chemical  process.  Later  it  was  studied  from  the  standpoint 
of  germ  life  and  now  we  are  coming  to  see  that  most  of  the  work 
of  fermentation  is  accomplished  by  the  action  of  unorganized 
ferments  commonly)  called  enzymes.  Enzymes  are  chemical  sub- 
stances, without  life,  capable  of  causing  deep-seated  changes  in 
certain  substances,  the  enzymes  themselves  undergoing  little  or 
no  change.  They  are  produced  by  the  activity  of  plant  or  animal 
cells. 

As  we  shall  see,  Cheddar  cheese  as  ordinarily  manufactured, 
contains  enzymes  derived  from  three  sources — (1)  bacteria,  (2) 
milk  glands  of  cows  and  (3)  rennet. 

Daring  the  past  three  years,  in  which  we  have  constantly  been 
working  upon  the  problem  of  cheese  ripening,  it  has  been  our 
hope  to  determine  what  proportion  of  the  casein  decomposition 
in  normal  cheese  can  be  justly  ascribed  to  the  activity  of 
enzymes.  A  direct  determination  under  normal  conditions  is 
rendered  impossible  by  the  continued  activity  of  germ  life 
within  the  cheese  mass.  A  separation  of  the  activities  of  the 
various  groups  of  enzymes  is  also  rendered  difficult  under 
ordinary  circumstances,  owing  to  the  intimate  way  in  which  the 
enzymes  are  mingled  during  the  process  of  manufacture. 

Work  on  these  lines  is  going  forward  under  more  satisfactory 
conditions  than  before  and  this  report  is  to  be  considered  only 
as  a  record  of  a  portion  of  the  data  secured. 

The  difficulties  attending  an  investigation  of  this  kind  have 
.been  reduced  to  a  minimum  by  the  convenient  location  of  all  the 
departments  and  supplies  concerned  in  the  work.  Our  bac- 
teriological laboratory,  cheese-curing  rooms  and  dairy  are  in  one 
building,  while  the  chemical  laboratory  and  the  cattle  barns  are 
only  a  few  rods  distant. 

In  making  the  cheese  used  in  our  investigation,  we  have  had 
the  valuable  assistance  of  Mr.  George  A.  Smith,  Dairy  Expert. 
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Mr.  L.  A.  Rogers,  Assistant  Bacteriologist,  has  done  much  of 
the  routine  work  connected  with  the  bacteriological  examina- 
tions. Mr.  J.  A.  Le  Clerc  and  Mr.  A.  J.  Patten  have  rendered 
efficient  assistance  in  some  of  the  chemical  work. 

II.  HISTORICAL  OUTLINE. 

The  following  outline  of  the  work  previously  done  in  relation 
to  cheese  ripening  covers  only  those  features  that  relate  to  the 
special  problem^  we  have  been  studying. 

In  1887,  Benecke,^  in  discussing  the  role  of  bacteria  in  cheese 
ripening,  stated  that,  while  they  probably  caused  such  changes, 
yet  the  ripening  might  really  be  due  to  the  activity  of  some  unor- 
ganized ferment.  He  pointed  out  that,  if  bacteria  are  not  essen- 
tial to  cheese  ripening,  this  fact  could  be  made  clear  by  the 
preparation  of  cheese  under  conditions  which  would  exclude 
bacterial  activity.  Acting  on  this  suggestion  Adametz^  pre- 
pared a  number  of  Hauakase,  a  form  of  soft  cheese,  in  the  nor- 
mal way,  except  that  he  added  various  disinfectants  to  the  milk 
or  to  the  curd  derived  from  it. 

When  cheese  made  with  the  addition  of  kreolin  or  of  thymole^ 
were  examined  bacteriologically,  they  were  pronounced  sterile ; 
but  even  when  kept  for  double  the  normal  length  of  time,  they 
did  not  take  on  the  appearance  of  ripened  cheese.  His  experi- 
ments with  salicylic  acid,  oxalic  acid  and  with  vapors  of  carbon 
disulphide  and  iodine  were  less  satisfactory  in  repressing  the 
micro5rganisms  in  the  cheese,  but  these  agents  seemed  to  hold 
back  the  ripening  in  proportion  as  they  inhibited  the  activity  of 
germ  life. 

Cheese  investigators  quite  generally  accepted  these  results  as 
settling  the  point  raised  by  Benecke,  and  during  the  succeeding 
ten  years  the  work  on  cheese  ripening  was  based  upon  the 
theory  of  germ  action. 

The  phenomena  of  ripening  in  cheese  may  be  divided  into  two 
classes,  (1)  the  chemical  decomposition  of  casein  and  (2)  the  tor- 


»Benecke.     Cent.  f.  Bak.,  I  Abt,  1:521  (1887). 

■Adametz.    Thiers  LandwirtscbaftUche  Jahrb.,  18:227  (1889). 
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mation  of  cheese  flavors.  These  may  or  may  not  arise  from 
common  causes.  The  casein  begins  to  undergo  change  at  once, 
while  the  formation  of  flavors  begins  some  time  later,  after 
which  the  two  progress  simultaneously.  These  two  groups  of 
phenomena  cannot  be  measured  by  the  same  means  or  standards. 

Duclaux,  Adametz,  Weigmann  and  their  disciples  have 
directed  their  attention  to  the  formation  of  flavors  and  have 
quite  generally  relied  upon  the  odor  and  physical  appearance  of 
their  material  in  judging  of  the  rate  and  character  of  the 
ripening.  In  those  cases  in  which  they  have  gone  more  fully 
into  the  solubility  of  the  casein,  they  have  usually  determined  this 
point  by  its  ability  to'  pass  through  a  porcelain  filter,  a  method 
which  von  Freudenrich  &  Jensen*  have  shown  to  be  extremely 
liable  to  error  in  iwractice.  They  have  rarely  attempted  to  show 
that  the  species  of  bacteria  which  they  look  upon  as  the  causal 
ones  are  present  in  cheese  in  any  considerable  quantities.  They 
have,  for  the  most  part,  confined  themselves  to  showing  that 
pure  cultures  of  these  species  are  able,  by  means  of  excreted 
enzymes,  to  digest  the  casein  of  milk  and  at  the  same  time  to 
form  cheese-like  odors.  In  some  cases  they  have  made  cheese 
with  the  addition  of  pure  cultures  or  of  solutions  of  their  enzymes 
and  have  stated  that  the  resulting  product  was  better  flavored 
than  cheese  made  in  the  usual  way.  In  establishing  this  point, 
however,  they  were  handicapped  by  the  lack  of  accurate 
standards  for  measuring  such  relations. 

Recently  Adametz  and  Winkler^  have  placed  a  culture  of  one 
of  these  bacilli  upon  the  market  under  the  trade  name  of 
**  Tyrog^ne,"  its  use  being  expected  to  result  in  the  production 
of  a  desirable  Emmenthaler  flavor  in  cheese.  Some  preliminary 
tests  by  von  Freudenrich*^  have  failed  to  indicate  that  it  will 
accomplish  this  desired  end. 

When  the  study  of  the  kinds  of  bacteria  present  in  cheese 
was  extended  so  as  to  include  the  numbers  of  each  kind,  it  was 
found  that  the  enzyme-forming  bacteria  previously  mentioned 

•v.  Freudenreich  and  Jensen.    t»andw.  Jahrb.  d.  Schweiz.,  14:1G9  (1899). 
•Winkler.     Molkerel  Ztg.,  14:817  (1900). 
•v.  Freudenreich.     Ann.  Agr.  Suisse  (1901), 
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were  present  only  in  small  nnmbers.  Even  when  large  numbers 
were  added  to  milk  before  making  it  into  cheese,  these  bacteria 
ceased  to  grow  almost  as  soon  as  the  curd  was  put  into  the 
press  and  rapidly  disappeared  in  the  cheese. 

It  was  found  that  from  the  time  cheese  was  made  until  fully 
ripened  there  were  present  few  besides  Uictic  acid  bacteria,  &o 
called  because  they  curdle  milk  by  production  of  acid  without 
subsequent  digestion  of  the  casein.  From  these  results  von 
Preudenreich  was  led  to  question  the  connection  between 
enzyme-forming  bacteria  and  ripening  process.  He  made  numer- 
ous attempts  to  produce  cheese  with  the  addition  of  cultures 
of  enzyme-forming  bacteria,  which  uniformly  resulted  in  a 
product  of  poorer  flavor,  according  to  his  opinion.  He  then 
became  the  champion  of  the  theory  that  lactic  acid  bacteria  are 
the  principal,  if  not  the  only,  cause  of  cheese  ripening.^ 

The  chief  objection  to  this  theory  is  the  fact  that  no  one  has 
yet  been  able  to  demonstrate  the  production  of  an  enzyme  on 
the  part  of  lactic  acid  bacteria.  Without  such  aid  it  is  difficult 
to  understand  how  a  becterium  is  to  attack  an  insoluble  sub- 
stance such  as  the  coagulated  casein  in  cheese. 

Von  Freudenreich^  added  chalk  to  milk  cultures  of  these  lactic 
acid  bacteria  for  the  purpose  of  preventing  the  accumulation  of 
acid  and  of  simulating  in  this  respect  the  conditions  found  in 
cheese.  He  was  thus  able  to  demonstrate  the  ability  of  these 
organisms  to  increase  materially  the  amount  of  soluble  nitrogen. 
However,  Chodat  and  Hoffman-Bang^  have  pointed  out  that 
this  is  not  equivalent  to  attacking  the  casein  after  it  has  been 
coagulated  by  rennet  They  maintain  that  lactic  acid  becteria 
are  unable  to  attack  coagulated  casein,  even  when  sugar  is  not 
present. 

In  a  later  publication  Jensen,^  without  bringing  forward 
adequate  experimental  evidence,  has  suggested  that  lactic  acid 
bacteria  are  able  to  elaborate  an  enzyme. 


•v.  Freudonreich.    Cent  f.  Bak.,  II  Abt,  1:384  (1895). 
»v.  Freudenrelch.     Cent.  f.  Bak.,  II  Abt,  3:231  (1897). 
•Chodat  and  Hoffman-Bang.     Ann.  Inst  Pasteur,  15:36  (1901). 
•Jensen.    Landw.  Jahrb.  d.  Schweiz..  14:197  (1900). 
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In  1S97  Babcock  &  RusselP^  announced  that  the  milk  of  all 
mammals  contains,  in  addition  to  the  previously  known  sub- 
stances, galuciase,  a  tryptic-like  ferment  capable  of  producing 
digestion  of  casein,  and  they  suggested  that  this  substance 
might  play  a  considerable  role  in  cheese  ripening.  The  correct- 
ness of  their  statements  regarding  the  existence  of  this  sub- 
stance has  been  substantiated  by  Storch,ii  von  Freudenreich^ 
and  Jensen.^ 

In  1901  Babcock,  Russell  and  Vivian^*  and  Jensen^  almost 
simultaneously  called  attention  to  the  ability  of  pepsin,  con- 
tained in  rennet  solution,  to  render  casein  soluble,  and  they 
presented  experimental  evidence  to  establish  this  point. 

Thus,  we  see  that  cheese,  as  ordinarily  manufactured,  contains 
enzymes  derived  from  three  different  sources,  (1)  bacteria,  (2) 
milk  glands  of  cows  and  (3)  rennet. 

Enzymes,  in  acting  upon  casein,  cause  its  decomposition  and 
probably  produce  compounds  that  furnish  some  of  the  cheese 
flavors.  While  we  appreciate  as  highly  important,  from  a 
practical  standpoint,  the  study  of  cheese  flavors,  we  have 
devoted  our  time  chiefly  to  a  study  of  enzyme  action  upon  cheese- 
casein.  It  seems  that  this  constitutes  so  fundamental  a  prob- 
lem in  cheese  ripening  that  it  should  be  first  stuped,  and  more- 
over its  solution  will  doubtless  go  far  toward  solving  the 
problem  of  flavors. 

III.  METHODS  OP  CHEMICAL  ANALYSIS  USED. 

In  a  later  bulletin  the  methods  of  chemical  analysis  used  in 
determining  the  amounts  of  nitrogen  present  in  different  forms 
in  cheese  will  be  presented  and  discussed  in  full  detail.  In  this 
connection  it  seems  suflBcient  to  present  only  a  brief  outline  of 
such  methods. 


''Babcock  and  Russell  Ann.    Rept.  Wis.  Exp.  Sta.  14:161  (1807). 

"Storch.    40  Rept  Copenhagen  Exp.  Sta.  (Denmark). 

"V.  Freudenreich.     Cent.  f.  Bak.,  II  Abt.,  5:241  (1899). 

"Jensen.    See  footnote  9. 

"Babcock,  Russell  and  Vivian.  Ann.  Rept.  Wis.  Exp.  Sta.  17:102  (1900), 
also  Cent.  f.  Bak..  II  Abt..  6:817  (1900). 

".Tc'ijseu.  I4indw.  Jahrb.  d.  Schweiz.,  14:197  (1900),  also  Cent.  f.  Bak., 
II  Abt.,  6:734  (1900). 
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PREPARATION  OF  CHEESE  EXTRACT, 

Twenty-five  grams  of  cheese  are  mixed  with  quartz  sand  and 
treated  at  122^  to*  140°  P.  (50°  to  60°  C.)  for  a  half  hour  with 
each  of  several  successive  portions  of  water,  decanting  and 
filtering  each  portion  of  extract  until  500  cc.  have  been  accummu- 
lated.  Portions  of  the  solution  thus  prepared  are  used  in 
making  the  various  determinations. 

DETERMINATION  OF  NTrROGBN-COMPOUNDS  IN  CHEESE  BXTRACTB. 

(a)  Total  ioater-soluble  nitrogen  is  determined  in  an  aliquot  part 
of  the  water  extract. 

(b)  Precipitation  hy  alum. — To  100*  cc.  of  water  extract,  2  cc. 
of  saturated  alum  solution  are  added  and  digested  at  104°  to 
108°  P.  (40°  to  42°  C.)  until  precipitation  is  complete.  The 
precipitate  is  filtered,  washed  and  then  treated  by  Kjeldahl 
method  to  determine  nitrogen. 

(c)  Coagulation  by  neutralizing  and  toiling. — The  clear  filtrate 
from  (b)  is  exactly  neutralized  by  dilute  fixed  alkali  and  heated 
on  water  bath  until  coagulation  is  complete.  The  precipitate  is 
filtered,  washed  and  its  nitrogen  determined  by  Kjeldahl 
method. 

(d)  AlbumosA. — ^To  the  filtrate  from  (c)  two  or  three  drops  of 
dilute  (one  to  three)  sulphuric  acid  are  added,  and  then  powdered 
zinc  sulphate  to  saturation.  The  mixture  is  heated  on  water 
bath  until  precipitation  is  complete  and  the  nitrogen  is  deter- 
mined in  the  precipitate  washed  with  saturated  solution  of  zinc 
sulphate. 

(e)  Peptones,— To  the  filtrate  of  (d)  two  or  three  drops  of 
'  strong  hydrochloric  acid  are  added  and  then  bromine  in  succes- 
sive portions  of  a  few  drops  at  a  time,  accompanied  by  vigorous 
shaking  until  the  liquid  becomes  super-saturated.    The  nitrogen 
in  the  washed  precipitate  is  determined  as  before. 

(f)  Amides. — (1)  Pirst  Method.  The  nitrogen  in  filtrate  from 
(e)  is  determined  directly  by  Kjeldahl  method  and  this,  less  the 
nitrogen  present  as  ammonia,  is  the  amide  nitrogen. 

(2)  Second  Method.    To  100  cc.  of  the  original  cheese  extract 
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there  is  added  about  one  gram  of  common  salt,  together  with  an 
excess  of  ten  per  ct.  tannic  acid  solution.  The  precipitate 
formed  is  filtered  and  washed  and  the  nitrogen  determined  in  an 
aliquot  part  of  the  filtrate.  From  this  amount  of  nitrogen  is 
deducted  the  amount  of  nitrogen  found  as  ammonia  in  (g)  and 
the  remainder  is  the  amount  of  amide  nitrogen. 

(g)  Ammonia. — ^To  an  aliquot  portion  of  the  filtrate  obtained 
in  (f),  magnesium  oxide  is  added  and  the  ammonia  separated  by 
distillation. 

DBTDRMINATION   OF   NrTROGEN-COM POUNDS  IN   MILK. 

Casern. — ^To  20  gms.  of  milk,  diluted  with  water  to  about 
100  cc,  are  added  2  to  2|  cc.  of  saturated  alum  solution.  The 
determination  is  completed  as  under  (b)  in  cheese  extract,  and 
the  other  determinations  are  made  as  described  above  in  the 
cheese  extract. 

DBTBHMINATION  OF   CHLOROFORM  IN  0HBB6B  AND  MILK. 

About  5  gms.  of  milk  or  cheese  are  placed  in  a  pressure  bottle 
with  about  10  cc.  of  alcohol  and  5  gms.  caustic  potash.  The 
bottle  and  contents  are  then  heated  30  minutes  at  230^  F. 
(110^  G.)  in  an  autoclave.  The  resulting  chloride  is  determined 
volumetricallj  as  in  case  of  chlorine  in  sodium  chloride. 

FORM  OF  STATING  RESULTS. 

The  figures  given  in  the  various  tables  represent  percentages 
of  the  total  nitrogen  in  milk  and  cheese.  This  form  of  state- 
ment is  usually  preferable,  as  figures  representing  the  actual 
percentages  in  milk  and  cheese  are  often  very  small.  Hence, 
considerable  variations,  expressed  in  percentages  of  nitrogen, 
often  represent  very  small  variations  when  expressed  in  actual 
amounts  present  in  cheese  and  milk. 

The  soluble  nitrogen  in  milk,  as  used  in  this  bulletin,  includes  ( 
all  nitrogen  compounds  except  casein  and  albumin.    The  water- 
soluble  nitrogen  in  cheese  includes  all  fhc  nitroj^en  ^soluble  irnler 
the   conditions   indicated  in   preparing  the   water  extract  of 
cheese. 


Digitized  by 


Google 


174:  Report  op  the  Chemical  Depabtmkut.of  the 

IV.  EFFECT  OF  CHLOROFORM,  ETHER  AND  FORMA- 
LIN ON  THE  ACTION  OF  ENZYMES. 

In  an  investigation  of  this  kind  a  prime  necessity  is  a  means 
of  totally  suppressing  the  action  of  germ  life.  It  is  equally 
im])artant  that  the  action  of  the  agents  employed  shall  not  be 
go  violent  as  to  alter  the  enzymes  gr  the  casein. 

The  work  of  Babcoek  and  Russell  has  suggested  two  sub- 
stances suitable  for  this  purpose,  ether  and  chloroform.  Of  the 
two  we  have  used  chloroform  almost  exclusively  for  several 
reasons:  (1)  As  an  anaesthetic  it  is  more  efficient;  (2)  its  pro- 
portion in  any  mixture  can  be  quantitatively  determined  with 
approximate  accuracy  by  chemical  analysis;  (3)  the  amount 
required  to  prevent  germ  growth  does  not  so  largely  increase 
the  bulk  of  the  mixture;  (4)  being  less  volatile,  there  is  less  loss 
in  sampling  materials  under  investigation;  (5)  it  is  not  inflam- 
mable. 

In  all  our  work  with  solutions  it  has  been  our  aim  to  mix 
carefully  by  shaking  at  least  once  a  day  during  the  entire  course 
of  the  experiment.  Too  much  stress  cannot  be  laid  upon  this 
point,  since  mixtures  of  milk  with  ether  or  chloroform  tend  to 
separate  on  standing  and  thereby  produce  conditions  favoring 
the  germination  of  spores  in  certain  portions  of  the  mixture. 

EFFECT  OF  VARYING  PBRCIENTAGES  OF  CHLOROFORM  ON  BNZYMB 

ACTIVITY. 

Since  the  relation  of  chloroform  to  the  activity  of  these 
enzymes  has  not  been  investigated,  except  in  a  very  general  way 
by  Babcock  and  Russell,  the  following  study  of  its  action  on 
galactase  and  bacterial  enzymes  was  made. 

Duplicate  bottles  of  separator  skim-milk  containing  only  a 
trace  of  fat  were  prepared  containing  2.5,  5,  10,  20  and  30  per  ct. 
of  chloroform  by  volume.  These  bottles  were  kept  at  60°  F. 
(15.5°  C),  and  examined  both  chemically  and  bacteriologically. 
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Tabub  L — iNviAmmcE  op  Vabtino  Amoxjntb  of  Cslobofobic  upon 
Activity  of  Enzymes. 

In  100  Ibft.  total  nltrogea. 


Amount  of 
chloroform. 

AC«w 

Total  m>lubto 

Nitrogen  in 
albumosesand 

Nitrogen  In 
amldeB. 

Na  of 

germs  pi 

FMreL 

I>av, 

TJmi. 

LbB. 

Lb8. 

00. 

fresh 

9.33 

4.58 

4.75 

2.5 

7 

11.60 

6.81 

4.79 

28 

5 

7 

11.63 

6.94 

4.69 

46 

10 

7 

11.72 

7.07 

4.65 

26 

20 

7 

*     11.63 

6.79 

4.84 

25 

^ 

7 

12.2B 

7.37 

4.91 

18 

2.5 

21 

16.80 

9.94 

6.86 

42 

5 

21 

16.16 

8.47 

7.69 

36 

10^ 

21 

16.39 

8.99 

7.40 

25 

20 

21 

16.37 

8.34 

8.03 

26 

m 

21 

13.69 

7.<yr 

6.62 

30 

2.5 

5 
10 
20 

49 
49 
49 
49 
49 

112 

21.79 
21.65 
21.40 
20.11 
22.99 

33.15 

14.75 
14.63 
14.93 
14.36 
16.17 

18.81 

7.03 
7.02 
6.47 
5.75 
6.82 

14.34 

so 

2.5 

9 

5 

112 

33.62 

18.59 

15.03 

10 

10 

112 

80.51 

16.38 

14.13 

11 

20 

112 

33.78 

16.39 

17.39 

6 

30 

112 

83.06 

19.15 

13.91 

5 

2.5 

192 

41.98 

19.18 

22.80 

13 

5 

192 

39.37 

14.85 

24.52 

14 

10 

192 

35.36 

15.13 

20.23 

7 

20 

192 

35.65 

16.37 

19.26 

6 

30 

192 

35.78 

17.30 

18.48 

During  112  days  the  amount  of  soluble  nitrogen  varied  within 
very  narrow  limits  in  the  different  bottles.'*  During  the  next  80 
days  the  bottles  containing  2.5  and  5  per  ct.  of  chloroform 
showed  a  little  more  soluble  nitrogen  than  the  others,  in  which 
the  amounts  of  soluble  nitrogen  were  almost  identical.  These 
results  could  hardly  be  interpreted  as  indicating,  even  after  the 
lapse  of  192  days,  any  marked  difference  in  the  effect  of  definite 
quantities  of  chloroform  upon  the  activity  of  enzymes.  The 
germ  content,  as  shown  by  bacteriological  analysis,  is  in  entire 
agreement  with  the  results  of  chemical  analysis. 

From  these  results  we  see  that  in  the  presence  of  2.5  per  ct. 
of  chloroform  the  increase  of  soluble  nitrogen  is  continuous  and 
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considerable.  However,  these  results  do  not  enable  us  to  know 
whether  the  chloroform  exercised  any  restraining  influence  upon 
the  activity  of  the  enzyme.  Any  such  repressing  effect  of  chlo- 
roform upon  enzyme  action  could  be  directly  shown  only  by 
using  as  a  means  of  comparison  milk  containing  no  chloroform^ 
but  under  such  conditions  the  action  of  bacteria  would  render 
the  comparison  worthless. 

A  comparison  of  the  changes  produced  in  the  bottles  contain- 
ing the  different  percentages  of  chloroform  shows  a  surprisingly 
small  decrease  of  change  in  bottles  having  the  larger  propor- 
tions of  chloroform.  This  tends  to  show  that  chloroform 
restrains  enzyme  action  only  slightly. 

The  germ  content,  even  in  the  bottles  containing  only  2.5  per 
ct.  of  chloroform,  was  so  small  that  the  observed  changes  were 
undoubtedly  due  to  the  enzymes  present  in  the  milk  at  the  begin- 
ning of  the  experiment 

EFFECT  OF  VARTING  PERCENTAGES  OF  FAT  UPON  THB  ANTISBPTIO 
TALUS  OF  OHLpROFORM. 

In  the  case  of  ether,  Babcock  and  RusselP*  have  shown  that 
it  has  a  strong  tendency  to  combine  with  the  fat  present  in  such 
a  way  as  not  to  exert  its  anaesthetic  influence.  For  this  reason 
rich  cream  could  hardly  be  kept  from  decomposing  through 
bacterial  action  when  ether  was  used. 

To  test  this  phase  of  the  question  with  chloroform,  two  series 
of  bottles  were  prepared.  The  first  contained  10  per  ct.  and  the 
second  20  per  ct.  of  butter-fat  and  in  each  series  duplicate 
bottles  contained  2.5,  5, 10  and  20  per  ct.  of  chloroform. 

In  order  that  the  transformations  in  each  of  the  bottles  in  the 
two  series  should  be  directly  comparable  when  expressed  in  per- 
centages of  total  nitrogen,  it  was  necessary  that  for  a  given 
quantity  of  nitrogen  in  any  bottle  there  should  also  be  present  a 
corresponding  amount  of  enzyme. 

In  order  to  maintain  these  relations,  each  bottle  contained 
900  cc.  of  a  mixture  made  up  of  540  cc.  of  whole  milk,  together 
with  sufficient  chloroform  and  melted  butter-fat  to  give  the 


>*Babcock  and  Russell.    See  footnote  10. 
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desired  percentages  by  volume.  Water  was  then  added  to  bring 
the  total  up  to  900  cc. 

The  butter-fat  used,  after  being  heated  above  185°  F.  (85°  C.> 
for  10  minutes  to  kill  the  enzymes  present,  was  filtered  to  remove 
the  coagulated  casein  and  was  then  decanted  to  free  from  water 
and  salt. 

The  chloroform  assisted  in  emulsifying  the  fat  and  it  was  only 
in  those  bottles  containing  the  smaller  percentages  of  chloroform 
that  difficulty  was  experienced  in  getting  satisfactory  samplea 
for  chemical  analysiA.  In  order  to  minimize  ithis  difficulty,  the 
bottles  were  warmed  at  99°  F.  (37°  C.)  for  a  few  hours  before 
sampling  in  order  to  melt  the  fat.  During  the  rest  of  the  time 
they  were  kept  at  60°  F.  (15.5°  C). 


Table  II. — ^Effect  oy  Vabtino  Amounts  of  Fat  upon  the  ANnsKpno 
Valve  of  Cbloboform. 


ProporttaBs  of 
Chlorofonn.   Fat 


FtrcL 

20 
20 
10 
10 

5 

5 

2.5 

2.5 


rtgret, 

10 
20 
10 
20 
10 
20 
10 
20 


Day*. 

Fresh: 
14 
14 
14 
14 
14 
14 
14 
14 


In  100  llM.  total  nltronen. 


Total  aolnble 
nltrog«iii. 

X6S. 


19.31 
22.35 
21.92 
19.47 
24.45 
23.58 
28.14 
28.82 


Nliroffmi  m 

albuinones 

and  pepumM. 

LbB. 


10.52 
10.07 
r2.86 
9.38 
15.09 
12.23 
16.21 
15.65 


Nitrogen 
Inamidai. 


Vvmhn 
of  f erm«. 


Lb9. 

17,124 

8.79 
12.28 

9.06 
10.09 

9.36 
11.35 
11.93 
13.17 

20 
20 
10 
10 

5 

5 

2.5 


10 
20 
10 
20 
10 
20 
10 


56 
56 
56 
56 
56 
56 
56 


35.47 
34.85 
38.06 
38.23 
39.24 
39.48 
38.26 


21.56 
20.04 
23.20 
21.26 
23.03 
22.36 
24.44 


13.91 

14.78 

14.86 

16.97, 

16.21 

17.12 

13.82 


16& 
163 
167 


113 

82^ 
20d 


20 
20 
10 
10 

6 

5 

2.5 

2.5 


10 
20 
10 
20 
10 
20 
10 
20 


112 
112 
112 
112 
112 
112 
112 
112 
12 


34.66 
36.74 
37.08 
41.78 
40.82 
43.05 
36.48 
38.81 


18.28 
20.24 
18.62 
21.40 
19.35 
23.95 
18.53 
19.09 


16.38 
16.50 
16.46 
20.38 
21.48 
19.10 
17.95 
19.72 
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The  preceding  table  does  not  show  any  marked  influence  due 
to  the  presence  of  such  varying  amounts  of  fat. 

There  are  more  bacterial  spores  present  than  are  shown  in  the 
results  given  in  Table  I.  This  is  probably  due  to  the  combined 
action  of  a  number  of  factors:  (1)  The  heating  of  the  butter 
was  not  high  enough  to  kill  the  spores  introduced  from  that 
source;  (2)  the  presence  of  many  small  globules  of  fat  in  ith0 
cultures  makes  counting  difficult  and  tends  to  give  too  high 
figures;  (3)  this  experiment  was  started  in  mideummer,  when  the 
air  is  better  suppiied  with  spores,  than  in  midwinter,  when  the 
former  investigation  was  begun. 

A  comparison  of  tlie  percentages  of  change  shown  in  Tables  I 
and  II  after  corresponding  intervals  shows  the  transformation 
to  have  been  more  rapid  in  the  case  of  Table  II.  This  is  easily 
accounted  for  by  the  fact  that  here  whole  milk  wae  used  and  the 
proportion  of  enzyme  to  nitrogen  was  greater  than  in  the  former 
case  where  the  skim-milk  was  poorer  in  enzyme  on  account  of  the 
amount  lost  in  the  separator  slime  and  in  the  cream. 

COMPARISON  OP  BFPDCT  OP  BTHE?R,  CHLOROFORM  AND  A  MIXTURE  OF 
BOTH    UPON    ENZYME   ACTION. 

Milk  was  obtained  from  two  cows,  care  being  taken  to  brush 
and  moisten  the  flank  and  udder  and  to  steam  the  pail,  but  by 
mistake  the  fore-milk  was  used  in  the  case  of  one  cow.  The  milk 
was  taken  directly  to  the  laboratory  and  plates  made,  which 
later  showed  a  germ  content  of  2719  per  cc.  The  fat  content  of 
the  milk  was  4.5  to  5  per  ct.  Duplicate  bottles  were  prepared  in 
three  series  containing  (1)  15  per  ct.  of  ether,  (2)  3  per  ct.  chloro- 
form and  (3)  a  mixture  containing  2.9  per  ct.  of  ether  and  2JL 
per  ct.  chlorof  omu    The  bottles  were  kept  at  99°  F,  (37^  C). 
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Table  III. — Comparison  of  Effects  of  Ether,  Chloroform,  and  Mix- 
ture OF  Both  Upon  the  Activity  of  Enzymes. 


LDsasthetlc  used. 

A99. 

Day,, 

In  100  ponnds  total  nlrrogen. 

Mixture. 

Total 
■olable 

nitro- 
gen. 
Lbe, 

Nltro. 
ffcnln 
albu- 
moees. 
Lb». 

Nliro- 
Beu 
In  pep- 
tones. 
Lbt. 

Nltro- 

Renin 

amides. 

Lb», 

Number 

of  germs 

per  CO. 

Ether. 
BbtcL 

Cbloro-            Cbloro- 
form.  Ether,    form. 
Fitr  et      Volumet. 

15 

•  •  •  •      • 

2 

Fresh 

11.92 

8.95 

2.93 

5.04 

182 

2719 

•  •  •  • 

3        2 

2 

13.61 

4.54 

3.87 

5.19 

140 

3       . 

2 

13.18 

5.66 

2.38 

6.14 

93 

15 

•  •  •  •     • 

5 

16.75 

4.81 

5.64 

6.30 

19 

•  •  •  • 

3        2 

5 

14.90 

4.26 

4.25 

6.39 

116 

3       . 

5 

13.23 

8.70 

3.60 

5.93 

28 

15 

•  ••  •     • 

8 

20.73 

6.38 

6.65 

8.70 

1 

•  ••• 

3        2* 

8 

17.67 

5.18 

4.71 

7.78 

3       . 

8 

it.  31 

4.26 

4.62 

8.43 

15 

•  •  •  •     • 

U 

25.64 

9.90 

4.72 

11.02 

100 

•  •  •  • 

3        2 

14 

25.92 

8.98 

3.98 

12.96 

6 

3       . 

14 

24.82 

9.16 

3.61 

12.04 

6 

15 

•  •  •  •     • 

21 

32.49 

14.34 

4.90 

13.25 

121 

•  •  •  • 

3        2 

21 

29.71 

11.29 

4.53 

13.89 

G2 

3       . 

21 

27.89 

10.55 

4.81 

12.50 

6 

15 

•  •  •  •     • 

28 

35.81 

14.89 

8.42 

12.60 

161 

.... 

8        2 

28 

32.12 

10.74 

6.85 

14.55 

18 

8      . 

28 

29.80 

11.66 

6.64 

12.50 

4 

15 

•  •  •  •     • 

35 

36.47 

15.18 

•7.31 

13.89 

•  •  •  • 

3        2 

35 

32.49 

13.24 

6.46 

13.79 

11 

3      • 

35 

30.36 

12.22 

6.01 

12.13 

6 

15 

•  •  •  •     • 

42 

39.63 

16.98 

7.87 

12.78 

138 

.... 

3        2 

42 

36.57 

15.56 

7.59 

13.42 

13 

3       . 

42 

35.36 

15.74 

7.61 

12.00 

6 

15 

•  •  •  •     • 

66 

45.75 

19.45 

11.39 

14.91 

183 

•  •  •  • 

3        2 

56 

40.28 

17.50 

10.83 

11.95 

6 

3      . 

56 

Lost. 

15 

•  •  •  •     • 

84 

55.01 

22.22 

15.38 

17.41 

320 

•  •  •  • 

3        2 

84 

48.44 

17.88 

12.60 

17.96 

4 

3       • 

84 

45.83 

18.52 

10.83 

16.58 

8 

15 

•  •  •  •     . 

137 

60.74 

15.43 

24.03 

21.28 

113 

.... 

3        2 

137 

57.33 

14.73 

24.08 

18.52 

2 

3       . 

137 

Lost 

1 

From  these  results  it  is  seen  that  a  slightly  greater  amount  of 
soluble  nitrogen  was  formed  in  the  presence  of  15  per  et.  of  ether 
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than  under  either  of  the  other  two  conditions.  Prom  this  it 
might  be  inferred  that  15  per  ct.  of  ether  was  more  favorable  to 
enzyme  action  than  3  per  ct.  chloroform,  but  the  results  of  the 
bacteriological  analyses  give  some  reason  for  believing  that 
there  had  taken  place  a  growth  of  bacteria.  There  had  probably 
been  a  corresponding  increase  in  the  amount  of  bacterial  enzyme. 
This  is  rendered  more  likely  by  the  fact  that  the  bacteria  in  this 
case  were  almost  entirely  of  a  single  kind,  which  showed  ability 
to  grow  in  the  presence  of  ether,  formed  spores  quickly  in  almost 
every  cell  and  elaborated  enzyme  with  great  freedom. 

This  experience  has  made  us  slow  to  accept  as  trustworthy 
any  results  obtained  with  the  use  of  ether,  when  the  conditions 
are  not  constantly  controlled  by  quantitative  examination  of  the 
bacterial  content. 

COMPARISON  OF  BFFD0T8  OF  CHLOROFORM  AND  FORMALIN  UPON 
ACTIVITY  OF  ENZYMES. 

Jensen  ^7  in  a  suggestive  article  on  the  enzymes  of  cheese  ripen- 
ing has  called  attention  to  the  use  of  0.1  p«r  ct.  of  formalin  in 
studying  their  activity.  Babcock  and  Russell^  have  stated  that 
comparatively  small  amounts  of  this  substance  completely 
inhibit  enzyme  activity.  The  use  of  even  the  amounts  recom- 
mended by  Jensen  is  to  be  looked  upon  with  suspicion  until  the 
influence  of  formalin  upon  enzyme  action  is  more  fully 
investigated. 

In  order  to  facilitate  comparisons  at  some  future  time,  we  give 
the  results  of  parallel  examinations  of  four  samples  of  milk  con- 
taining respectively  4  per  ct.  of  chloroform  and  0.1  per  ct.  of 
formalin  by  volume.  Unfortunately  the  strength  of  formalin 
was  not  redetermined  but  it  was  the  40  per  ct.  article  of 
commerce. 

The  milk  in  this  case  was  obtained  from  the  four  quarters  of  a 
single  cow  at  one  milking.  The  flank  and  udder  were  brushed 
and  moistened.  The  hands  of  the  milker  were  smeared  with 
vaselin  and  the  milk  was  caught  in  four-inch  glass  funnels  lead- 

"Jensen.    See  No.  9. 

'Babcock  and  RusseU.    Ann.  Rept  Wis.  Exp.  Sta.  15:77  {ISQS^ 
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ing  into  glass  bottles,  all  of  which  had  been  carefully  steamed. 

The  milk  was  taken  at  once  to  the  laboratory  and  placed  under 

the  influence  of  chloroform  and  formalin  at  99°  F.  (37°  C). 

TASHLE  IV. — COMPABISON  OF  EFFECTS  OF  FORMALIN  AND  CtHLOBOFORM  TTPOIT 

Activity  of  Enzymes, 
mils  drawn  oct.  10. 

In  100  lbs.  total  nltrog«iL 

/                       *■  -^ 

Qermicldf^  ii^ed.  Nitrogen  In 

, ^ t                                       Total         albumo^ea  Number  of 

Foimalln     Chi<in»form.                                      tnluiUa            and  Nltrnf^ntn   farms  per 

0.1  per  ct.        4percL                      Age.            nitrogen.       pepconea.  amldea.  oo. 

7>av«.              Xlu.                 Xba.  £»•. 

Fresh   87 

I    14    87.50    20.47  17.03  1 

II          14    53.09    23.84  29.25  51 

I    42    50.26    28.19  22.07  0 

II          42    64.22    24.57  39.65  88 

I    77    59.18    85.87  23.31  1 

II          77    72.57    33.63  38.94  6 

I    152    69.94    22.12  47.82  ♦ 

II         152    67.62    43.58  24.04  20 

Fresh   6 

II    14    21.28    12.81  8.47  0 

IV         14    85.46    21.97  13.49  9 

II    42    23.01    13.73  9.28  6 

IV                      42          86.56          21.36  15.20  4 

III         77          24.32          16.67  7.65  0 

IV                      77          42.96          27.78  15.18  1 

III         152          24.67          17.70  6.97  1 

IV                     152          43.59          31.40  12.19  2 

Fresh 232 

V        14          37.42          20.98  16.44  0 

VI                       14          49.83          25.63  24.20  3 

V        42          42.89          24.96  17.08  3 

VI                      42          63.58          27.36  30.22  18 

V 77          53.50          31.05  21.55  2 

VI                      77          68.50          31.12  37.38  1 

V        ir)2          48.70          27.96  20.74  0 

VI                     152          63.89          36.10  27.79  0 

•Bacteria  present  In  large  numbers. 
NnTB.— I  and  11,  front  right  quarter;  III  and  IV,  front  left|  V  and  VI,  back  right:  vn  and 
vni.  back  left. 
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Table  IV.—Continved, 

la  100  lbs.  total  nitrogen. 

0«rni!clde  used.  NItroffen  In 

<— • ^^                                        Total  albumoses                              Number  of 

Formalin     Chloroform                                       soluble  and  Nltrogpn  In    germs  per 

0.1  per  ot.       4percentb  Age.           nitrogen.  pepionee.             amiaea.           cc 

Daya.  Lba.  Lb9,  Iba. 

Fre-sh        138 

VII         14  32.41  19.63  12.78  3 

VIII  14  50.67  29.42  21.25  S 

VII         42  40.12  27.47  12.65  2 

VIII  42  57.23  29.72  27.51  1 

VII         77  47.00  29.40  17.60  0 

VIII  77  64.38  39.88  24.50  0 

VII         152  49.91  34.37  15.54  0 

VIII  152  62.48  39.75  23.73  3 

From  the  above  results  we  see  that  the  number  of  bacteria  in 
all  the  bottles  remained  yery  low.  In  all  eases  the  decompo- 
sition has  gone  on  more  slowly  in  the  presence  of  formalin  than 
with  chloroform,  as  is  clearly  shown  by  the  following  tabulated 
summary  of  results. 

Table  IV  a. — ^Average  op  Four  Quabtebs. 

Total  solublei  nitrogen. 
/  —       .        *  —  ■% 

Age.  With  formalin.  With  chloroform. 

Dav9m  BBTCt.  Peret, 

14  82.15  47.26 

42  89.07  55.39 

77  46.00  62.10 

152  45.62  60.63 

In  the  article  by  Jensen  previously  referred  to,  he  notes  the 
same  relation  in  the  action  of  these  two  substances  and  he  is 
inclined  to  hold  the  view  that  0.1  per  ct.  formalin  completely 
inhibits  the  action  of  galactase  but  allows  bacterial  enzymes 
to  work.  If  this  view  is  correct,  we  must  consider  that  over  70 
per  ct.  of  the  decomposition  here  produced  in  the  presence  of 
chloroform  is  caused  by  enzymes  other  than  galactase. 

It  seems  hardly  possible  that  sufficient  bacterial  enzyme  could 
have  been  formed  in  the  cases  of  No.  Ill  to  account  for  the 
changes  observed  in  the  presence  of  formalin.  The  milk  in  this 
quarter  of  the  udder  was  unusually  free  from  bacteria,  having 
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been  caught  under  most  favorable  conditions  and  placed  under 
the  influence  of  formalin  within  a  few  minutes. 

CONNECTION  BETWEEN  BAC^TERIA  IN  THE  UDDER  AND  ENZYMES  IN  THE 

MILK. 

Previous  investigators^^  have  noted  that  there  is  considerable 
difference  in  the  rate  of  change  caused  by  enzymes  in  different 
samples  of  freshly  drawn  milk.  These  differences  have  been 
attributed  to  variations  in  the  enzyme-forming  activity  of  the 
milk  glands,  but  we  have  been  led  to  look  for  another  explana- 
tion of  these  irregularities.  The  production  of  enyzmes  on  the 
part  of  certain  classes  of  bacteria  is  well  known,  but  the 
bacterial  formation  of  enzymes  in  the  udder,  able  to  perform 
work  in  cheese  ripening,  is  a  possibility  which  has  not  been 
seriously  considered. 

The  work  of  Ward^^  has  called  attention  to  the  fact  that  in 
many  cases  the  interior  of  the  udder  is  inhabited  by  certain 
microorganisms  which  find  the  conditions  favorable  to  their 
continued  aevelopment.  In  working  with  certain  Station  cowa 
we  have  found  that  in  some  cases  large  numbers  of  germs  were 
present  in  the  milk  last  drawn.  This  condition  existed  when- 
ever examinations  were  made  during  a  period  of  some  months. 

By  comparing  the  germ  content  of  the  whole  mess  of  milk, 
after  rejecting  the  milk  first  drawn,  with  the  germ  content  of  the 
milk  last  drawn,  or  strippings,  it  is  often  found  that  the  number 
present  in  the  whole  mess  exceeds  that  in  the  strippings  by  an 
amount  hardly  larger  than  would  be  expected  as  a  result  of 
unavoidable  contamination  during  milking. 

This  is  shown  in  the  following  table  which  gives  the  number 
of  bacteria  found  per  cubic  centimeter  in  the  whole  mess  and  in 
the  strippings  from  each  quarter  of  a  single  cow  at  three 
successive  milkings.  In  all  cases  the  first  few  streams  from 
each  quarter  were  rejected. 


'•Babcock  and  Russell.    See  No.  10. 

••Ward.     Bui.  No.  178  Cornell  Exp.  Sta.  (1900), 
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Table  V. — Number  of  Bactebia  Per  Cubic  Centimeter  in  Whole-Milk 

AND  STBIPPINGS. 

Front  l«rt  Front  rtfht    '  Back  left  Back  right 

quarter.  qunrler.  quarter.  quarter. 

DaTI.                  ^'          ■*          '  -^  r-              *  '           '■H  /  '            *              '■»  r"            *              "N 

Whole-        Strip-  Whole-        Strip-  Whole-        Strip-  Whole-        Strlp- 

mllk.        pings.  milk.        pings.  milk.        plnga.  milk.         piiiRS. 

June  11,  p.  m..,,      53  26    56        140        173        401        716 

June  12,  a.  m....     646        244        216        429        442        493        629      1870 
June  12,  p.  m 88  22  36        305  96        105        789        975 

These  data  strongly  support  the  idea  that  the  interior  of  the 
Udder  in  such  cases  is  seeded  with  these  organisms,  which  are 
generally  yellow  cocci,  capable  of  liquefying  gelatin. 

Most  striking  are  thase  cases  in  which  the  interior  of  certain 
quarters  of  the  udder  is  highly  contaminated  with  certain  organ- 
isms for  long  periods,  while,  at  the  same  time,  one  or  more 
quarters  of  the  udder  in  the  same  animal  may  remain  compara- 
tively free  from  germ  life.  In  the  case  of  the  cow  used  in 
collecting  the  data  shown  in  the  above  table,  examinations  of 
the  strippings  were  made  extending  over  four  months.  Samples 
were  collected  by  catching  one  of  the  last  streams  from  each 
quarter  in  a  sterile  test  tube,  except  in  a  few  cases  in  which 
they  were  drawn  with  a  sterile  milking  tube.  The  samples  were 
taken  at  once  to  the  laboratory  and  plates  prepared  containing 
1  cc.  and  0.5  cc.  of  the  milk.  The  results  are  shown  in  the 
following  table; 

Table  Ya. — Numbeb  of  Bactebia  Peb  Cubic  Centiiceteb  vr  the 
Stbippinqs  of  Cow  No.  8. 

Front         Front  Back  Back 

Dati.  left  right  left  right 

Quarter,     quarter.       Quarter.     Quarter. 

May  26 22  296  372 

June  11,  p.  m 26  56  173  716 

June  12,  a.  m 244  429  493  1870 

June  12,  p.  m 22  305  105  976 

July  12 22  48  2106  488 

July  18 36  55  280  868 

July  27 211  10  388  628 

Sept  7 391  3684  631  656 

Bept.  20 132  450  356  99G7 

Oct.  10 6  87  138  232 

This  table  shows  that  in  general  the  strippings  from  the  back 
right  quarter  had  a  germ  content  of  500  to  800  per  cubic  centi- 
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meter;  the  back  left  quarter  had  slightly  less;  the  front  left 
quarter  had  often  less  than  100  per  cubic  centimeter,  and  the 
front  right  quarter  but  little  more. 

Making  allowance  for  the  work  done  by  galactase,  the  milk 
from  different  quarters  of  the  udder  of  the  above  mentioned  cow 
should  show  different  rates  of  chemical  change  proportional  to 
the  number  of  germs  present  in  the  respective  quarters  of  the 
udder,  if  these  changes  are  to  be  associated  with  contamination 
within  the  udder. 

The  results  already  given  in  Table  IV,  under  chloroform^ 
relate  to  this  point.  The  quarters  of  the  udder  are  there 
designated  as  follows:  II,  front  right;  IV,  front  left;  VI,  back 
right;  VIII,  back  left.  The  second  determination  was  made  in 
the  presence  of  4  pes.  ct.  of  chloroform.  In  order  to  obtain 
sufficient  material  for  a  large  number  of  analyses,  three  sue* 
cessive  messes  of  milk  were  collected  and  united.  Care  was 
taken  to  reject  the  fore-milk  and  keep  out  bacteria  from  other 
sources.  The  following  table  shows  the  results  in  this  test  up 
to  15  weeks: 

Table  Vb. — Soluble  Nitbogen  Formkd  in  Milk  fboic  Different 
Quarters  of  Udder. 

MILK  drawn    JUNE  11   AND    U. 

Soluble  nttrogaa  la  100  Ite.  tout  nttrof  en. 


AoB  or  viut     ^ 

^MMM  AJIJXTVn. 

Front  left 
quarter. 

Front  right 
quarter. 

Back  lert 
quarter. 

Back  right 
quarter. 

Dayt. 

Zte. 

IJb$, 

Lb$. 

Lbr, 

7 

27.01 

29.23 

48.23 

46.66 

21 

86.25 

89.75 

56.61 

50.66 

85 

86.65 

40.60 

59.37 

57.54 

40 

lost 

40.48 

60.08 

59.03 

105 

lost 

55.31 

77.29 

71.63 

The  results  given  in  Tables  IV  and  Vb  show  in  a  general 
way  that  there  is  a  relation  between  the  numbers  of  bacteria 
present  in  the  udder  and  the  rapidity  with  which  the. milk  pro* 
ducod  there  undergoes  self-digestion  in  the  presence  of  chloro. 
form  or  formalin. 

It  may  be  held  that  the  presence  of  these  bacteria  has  merely 
stimulated  the  production  of  an  extra  amount  of  galactase,  but 
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many  of  these  bacteria  are  able  to  bring  about  the  liquefaction 
x}f  gelatin,  a  fact  which  suggests  that  they  have  played  a  part  in 
enzyme  "formation  within  the  udder.  However,  it  is  impossible 
to  assign  even  an  approximate  value  to  the  work  performed  by 
bacteria  within  the  udder  in  the  production  of  their  enzymes, 
until  we  understand  the  conditions  which  relate  to  the  normal 
formation  of  galactase. 

V.    COMPARISON   OF   RIPENING   PROCESS  IN  CHEESE 

MADE  \YITH  CHLOROFORM  AND  IN  NORMAL 

CHEESE. 

Previous  attempts  to  study  the  part  played  by  enzymes  in 
cheese  ripening  have  proceeded  indirectly  by  a  study  of  enzyme 
action  in  milk  or  have  been  carried  out  with  cheese  in  a  frag- 
mentary manner.  In  addition  to  the  early  work  of  Adametz, 
Babcock  and  Russell  report  that  they  have  observed  the  changes 
that  have  taken  place  at  the  end  of  about  a  year  in  a  cheese 
containing  chloroform.  They  also  added  rennet  to  milk  con- 
taining ether  and  determined  the  general  changes  taking 
place  in  the  coagulum.  Jensen*"  also  reports  the  changes  taking 
place  in  a  cheese  to  which  he  had  added  trypsin  and  ether.  How- 
ever, so  far  as  we  can  learn,  no  cheese  has,  hitherto,  been  pre- 
pared under  conditions  essentially  normal  except  for  the 
presence  of  an  anaesthetic,  and  been  kept  for  a  long  period  com- 
pletely under  the  influence  of  that  anaesthetic,  with  systematic 
chepiical  and  bacteriological  examinations  at  frequent  intervals. 

METHOD  OF  MANUFACTURE  AND  SAMPLING. 

The  preparation  of  a  chloroform  cheese  presents  no  extreme 
difficulties.  Chloroform  added  directly  to  the  milk  tends  to 
settle  to  the  bottom,  but  the  stirring  which  accompanies  the 
manufacture  serves  to  keep  it  distributed  without  any  consider- 
able loss  from  evaporation.  The  addition  of  rennet  at  84  to 
88°  F.  (29  to  31°  C),  cutting  and  heating  to  98  to  100°  F.  (37  to 
^S°  r.),  proceed  in  the  usual  way,  except  that  both  the  curdling 
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of  the  milk  and  the  expulsion  of  whey  take  place  more  slowly 
than  in  normal  cheese.  The  expulsion  of  the  whey  is  especially 
prolonged  because  of  the  absence  of  acid,  and  the  moistilre  con- 
tent  of  the  resulting  cheese  may  be  somewhat  higher  than  in 
a  first-class  normal  Cheddar.  After  the  whey  is  drawn  and  the 
curd  is  fairly  well  drained,  it  is  put  to  press  with  or  without 
previous  salting. 

In  making  more  than  a  dozen  of  these  cheeses  at  different 
times,  we  have  added  to  the  milk  from  2  to  5  per  ct.  of  chloro- 
form by  volume,  and  we  find  that  the  percentage  of  chloroform 
by  weight  in  the  resulting  cheese  mass  is  about  three  times  the 
figure  given  for  the  milk. 

The  cheese  is  kept  continuously  under  pressure  18  to  24  hours, 
and  is  then  transferred  to  a  room  with  a  temperature  varying 
only  one  or  two  degrees  from  60°  F.  (15.5®  C.)  and  placed  under 
a  bell  jar  in  an  atmosphere  of  chloroform.  The  moisture  of 
cheese  under  bell  jars  remains  fairly  uniform. 

After  testing  a  number  of  receivers  we  have  settled  upon  bell- 
jars,  or  carefully  soldered  cans  which  are  inverted  over  the 
cheese,  and  fit  into  a  groove  in  a  heavy  wooden  base.  The  base 
is  first  boiled  in  paraffin  to  fill  all  the  pores,  and  melted  paraffin 
is  used  as  a  seal  in  fastening  the  cover  into  the  grooves,  thus 
reducing  the  loss  of  chloroform  and  moisture  to  insignificant 
amounts. 

At  regular  intervals  the  cover  is  moved  and  samples  taken 
with  a  sterilized  tryer  for  chemical  and  bacteriological  analysis. 
The  former  includes  a  quantitative  determination  of  the  chloro- 
form present  in  the  cheese.  To  replace  the  small  amounts  lost 
by  leakage  and  evaporation,  measured  amounts  of  chloroform 
are  added  to  a  dish  within  the  container  at  the  time  of  each 
examination. 

DBCX)MP0SITI0N    IN    CHEESE    UNDER    CHLOROFORM    COMPARED    WITH 
THAT  IN  NORMAL  CHEESE. 

In  order  to  get  an  idea  of  the  changes  brought  about  by  the 
combined  influence  of  all  the  enzymes  present  at  the  time  a 
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cheese  is  made,  3.5  lbs.  of  chloroform  were  added  to  125  lbs.  of 
night's  and  morning's  milk  having  the  degree  of  acidity  suitable 
for  Cheddar  cheese-making.  One-half  ounce  of  Hansen's 
liquid  rennet  was  added  at  88°  F.  (31*^  C),  and  the  cheese  made 
as  described  above.  One-half  of  the  resulting  curd,  without 
salting,  was  pressed  into  form  of  a  Young  America  cheese.  On 
the  third  day  it  was  found  to  contain  35  per  ct.  of  water  and  15 
per  ct.  of  chloroform. 

As  a  basis  for  comparison  there  is  also  given  the  analysis  of  a 
normal  cheese  ripened  at  the  same  temperature  and  having 
originally  about  the  same  percentage  of  moisture.  However, 
since  under  normal  conditions  the  moisture  in  a  cheese  rapidly 
decreases,  while  in  the  chloroform  cheese  this  factor  remains 
practically  constant,  there  is  also  given  the  analysis  of  a 
chees**  normal  in  every  way  except  that  it  was  coated  with  a 
layer  of  paraffin  to  lessen  the  loss  of  moisture. 

Table  VI. — Comparison  of  Normal  Cheeses,  Cured  with  and  without 
Paraffin  Covering,  with  a  Cheese  Made  and  Cured  with 
Chloroform. 

Total  wat«r-K>lable  nf Croffen  formed  for  100  lbs.  nltrosen  In  eheesa 

r-  »  ^ 

00HDITI0II8  or  CumiMa.      a  wa«kt.       1  montli.      S  mootba.     0  moutha.    IS  montha.  IS  montha. 

Cheese  No.  81A, 
cured  under  nor- 
mal conditions. .       11.50        18.50        25.10        83.70        37.30        38.66 

Cheese  No.  31B. 
covered  with 
paratfin  12.50        19.30        25.40        37.80        40.90        44.14 

Cheese  No.  30A, 
made  and  cured 
with   chloroform        5.30  6.70  8.20        14.50        22.60        27.70 

In  Tables  VI,  VII,  VIII  and  IX,  the  figures  given  for  total 
water-soluble  nitrogen  represent  the  amount  rendered  soluble 
after  the  cheese  was  taken  from  the  press.  Samples  of  the 
green  cheese  fresh  from  the  press  were  analyzed,  and  it  was 
found  that  the  amount  of  soluble  nitrogen  varied  considerably 
in  different  cheeses.  Therefore,  for  the  sake  of  more  accurate 
comparison,  the  amounts  of  water-soluble  nitrogen  found  in  the 
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green  cheese  have  been  deducted  and  so  are  not  included  in  the 
figures  presented  in  these  tables. 

The  data  in  Table  VI  show  that  at  the  end  of  one  month  the 
water-soluble  nitrogen  in  the  normal  cheese  was  more  than 
three  times  that  contained  in  the  chloroform  cheese;  gradually 
the  difference  decreased  until  at  the  end  of  15  months  the  total 
decomposition  in  the  case  of  the  chloroform  cheese  amounted  to 
27.7  p(?r  ct.  of  the  total  nitrogen,  while  in  a  normal  cheese  of  the 
same  age  the  amount  was  38.66  per  ct.  The  enzymes  present  in 
this  cheese  were  therefore  able  under  favorable  circumstances 
to  accomplish  about  72  per  ct.  as  much  decomposition  of  casein 
as  occurred  in  a  normal  cheese.  That  they  accomplish  this 
fraction  of  the  work  under  ordinary  conditions  does  not  neces- 
sarily follow.  These  results  show  merely  that  the  peculiar  con- 
ditions of  manufacture  in  the  presence  of  chloroform  were  not 
such  as  to  prevent  the  enzymes  from  rendering  cheese-casein 
soluble. 

IXFLUENCB   OP  SMALL  AMOUNTS  OP  ACID   ON   ENZYME  ACTION. 

In  the  ordinary  process  of  manufacture  there  is  a  gradual 
formation  of  acid  within  the  mass  through  the  action  of  becteria. 
In  the  preceding  experiment  acid  was  necessarily  absent.  To 
remedy  this,  another  cheese  was  made  like  the  preceding,  except 
that  lactic  acid  was  added. 

As  before,  3.5  lbs.  of  chloroform  were  added  to  125  lbs.  of 
night's  and  morning's  milk,  sufficiently  acid  for  cheese-making. 
This  was  curdled  by  one-quarter  ounce  of  Hansen's  liquid  rennet 
added  at  86°  F.  (30°  C).  After  cutting  the  curd  and  applyirfg 
heat,  pure  lactic  acid  was  added  in  small  quantities  at  a  time 
until  the  whole  amounted  to  nearly  .2  per  ct.  of  the  milk  used. 
One-half  of  the  resulting  curd,  unsalted,  was  pressed  into  a 
Young  America  cheese  which,  fresh  from  the  press,  contained 
32  per  ct.  of  water  and  15  per  ct.  of  chloroform. 
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The  results  of  the  examinations  are  shown  below: 

Table  YII. — Compabison  of  Celobofobic  Cheeses  Made  with  aio) 
WITHOUT  Lactic  Acid. 

Total  water-soluble  nitrogen  formed  for  100  lbs.  nitrogen  In  cheese. 

COXDITIOMB  OF  KAKIXO     ,  ' » 

AKD  CuBiNO.  1  month.      2  montha.      8  montht.     6  month*.     9  months.    18  montha. 

Cheese    No.    30A, 

made  and  cured 

with  chloroform.  5.70  8.20  11.60  14.60  19.50  22.60 
Cheese    No.    32A, 

made  and  cured 

with  chloroform 

and  lactic  acid.        5.70         0.40        14.00       20.60        23.20        81.65 

It  will  be  seen  that  in  cheese  32A  the  amount  of  soluble  nitro- 
gen is  greater  than  in  30A  after  the  first  month  and  continues 
to  become  greater  up  to  the  end  of  12  months,  the  age  of  32A 
at  its  last  analysis.  This  more  rapid  ripening  in  32A  took  place 
in  spite  of  the  fact  that  only  one-half  as  much  rennet  was  used 
in  32A  as  in  30A.    Acid  appears  to  lavor  enzyme  action. 

INFLUENCE  OF  SALT  UPON  ENZYME  ACTION. 

In  the  two  preceding  experiments  it  has  been  noted  that 
one-half  the  curd  was  pressed  without  salting  and  the  results 
previoufily  given  represent  the  changes  taking  place  in  unsalted 
cheesei  However  in  the  manufacture  of  Cheddar  cheese,  salt  is 
never  omitted  and,  in  order  to  make  the  comparison  between 
the  chloroform  cheese  and  normal  cheese  complete,  the  addition 
of  salt  is  required. 

In  each  of  the  two  experiments,  one-half  of  the  curd  was 
salted  just  before  putting  to  press,  the  first  receiving  2  ounces 
and  the  second  2^  ounces.  In  each  case  the  percentage  of  chlo- 
roform and  water  was  essentially  the  same  as  in  the  correspond- 
ing unsalted  portion.  The  results  of  analysis  are  shown  in  the 
following  table.  To  facilitate  comparison,  the  results  from  the 
unsalted  portions  are  also  repeated. 
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Table  YIII. — Comparison  of  Chebses  Made  and  Cubed  with  Chlobo- 
FOBM,  Salted  and  Unsalted. 

Total  water-aolable  nitrogen  formed  for  100  lbs.  nitrogen  In  ebeeie. 
OoiTDrnoaB  OF  Cuiuwo.  Imo.    2mofl.     Snioa.      ernoe.      9moft.      Umos.     16  mot. 

a)  Without  lactic  acid: 

Cheese  No.  30A,  made  - 

and  cured  with  chloro- 
form—not salted 6.70    8.20    11.60    14.50    19.50    ^.60    27.70 

Cheese  No.  90B,  same 

as  30A,  but  salted 2.25    8.20      5.50      7.80    11.60    17.20    24.00 

(2)  With  lactic  acid: 

Cheese  No.  32A,  made 

and  cured  with  chloro> 

form  and  lactic  acid — 

not  salted 5.70    9.40    14.00    20.60    23.20    31.65 

Cheese  No.  32B>  same 

as  32 A,  but  salted....     3.00    4.90      6.70      9.75    12.45    19.65 

From  the  results  here  given  it  is  seen  that  salt  in  the  propor- 
tion  usually  present  in  cheese  exerts  a  strong  repressing  influ- 
ence upon  the  activity  of  the  enzymes  present.  On  comparing 
this  effect  of  salt  in  the  case  of  the  cheese  containing  added  acid 
with  the  cheese  in  which  acid  was  omitted,  it  is  seen  that  acid 
favored  enzyme  action  here  also  as  well  as  in  unsalted  cheese. 

The  results  of  our  work  up  to  this  time  appear  to  show,  (1)  that 
the  use  of  chloroform  excludes  bacterial  action  in  milk  and 
cheese  and  limits  the  work  of  ripening  to  those  enzymes  con- 
tained in  milk  when  made  into  cheese;  (2)  that  the  presence  of 
salt  noticeably  decreases  the  effect  of  such  enzymes;  (3)  that 
the  presence  of  two-tenths  of  one  per  ct.  of  lactic  acid  increases 
the  ripening  action,  at  least  of  rennet  enzymes;  (4)  that  the 
percentage  of  cheese-casein  made  soluble  by  the  enzymes  under 
consideration  in  nine  months  (which  may  be  regarded  as  the 
extreme  limit  of  the  commercial  life  of  Cheddar  cheese,  kept 
ander  usual  conditions)  is  about  12  per  ct.,  or  one-third  the 
amount  of  soluble  nitrogen  found  in  normal  cheese;  and  (5)  that 
the  amount  of  ripening  caused  by  enzymes  present  in  the  milk 
when  made  into  cheese  is  apparently  more  limited  than  waa 
previously  supi)0sed. 

We  may  say  that  the  limited  part  apparently  taken  by  such 
enzymes  in  ripening  cheese  is  a  result  we  did  not  anticipate  when 
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undertaking  the  work.    We  have  additional  experimental  work 
andep  way  for  the  purpose  of  testing  these  results  more  rigidly. 

DIFFERKNCB  IN  CHARACTmEt  OF  CHEMICAL  GHANGBS  IN  NORMAL  AND 
IN   CHLOROFORM   CHEESB. 

An  examination  of  the  detailed  data  secured  with  normal  and 
with  chloroform  cheese  shows  clearly  a  marked  difference  in  the 
character  of  the  changes  taking  place  in  the  soluble  nitrogen- 
compoundfi.  This  difference  is  seen  if  we  study  the  amounts  of 
albumoses  and  peptones  in  relation  to  amides,  and  also  the 
relative  amounts  of  ammonia  found. 

The  following  tabulated  comparison  in  case  of  cheese  34C  and 
34B,  which  were  made  with  and  without  chloroform  from  differ- 
ent portions  of  the  same  milk,  illustrate  the  points  in  question. 

Table  IX. — Showing  Diffebknce  in  Character  of  Chemical  Changes 
IN  Normal  and  in  Chloroform  Cheese, 


Chaiuctbe  or  CHnss.  Age. 

Cheese  34C — normal 1 

Cheese  34B — chloroform 1 

Normal  cheese IV2 

Chloroform  cheese V/^ 

Normal  cheese 3V^ 

Chloroform  cheese 3% 

Normal  cheese •  •  5% 

Chloroform  cheese 5^ 

Normal  cheese 7 

Chloroform  cheese 7 

Normal  cheese 9 

Chloroform  cheese 9 

Stated  in  a  general  way,  these  results  show  (1)  that,  in  cheese 
made  and  cured  with  chloroform,  the  amount  of  albumoses  and 
peptones  is  largely  in  excess  of  the  amount  of  amides;  (2)  that 
the  reverse  is  true  in  normal  cheese;  and  (3)  that  ammonia 
appears  in  normal  cheese  much  earlier  and  in  larger  quantities 
than  in  chloroform  cheese. 


N.m 

.  albu- 
mows 

anil  pep* 
tones. 

N.m 
amides. 

(1)  to  (2). 

fN.  m 

amroonta. 

(1) 

(2) 

2.95 

5.42 

1:1.80 

.86 

3.71 

0.86 

1K).23 

0 

2.51 

8.49 

1:3.40 

1.29 

7.31 

1.82 

1:0.25 

0 

5.37 

12.60 

1:2.40 

2.51 

10.20 

3.22 

1:0.31 

0 

4.97 

18.50 

1:3.70 

3.38 

12.40 

4.73 

IK). 39 

0 

3.08 

20.10 

1:6.50 

4.42 

10.90 

8.11 

1K).74 

0 

2.70 

23.50 

1:8.70 

4.8T 

12.52 

11.60 

IK). 93 
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Making  a  detailed  comparison,  we  note  the  following  points: 

(1)  In  the  normal  cheese  at  the  age  of  one  month,  the  amount 
of  amides  was  1.8  lbs.  for  each  pound  of  albumoses  and  pep- 
tones. This  ratio  increased  until  at  nine  months  it  was  8.7, 
nearlj  five  times  as  great  as  at  the  end  of  one  month. 

(2)  In  the  chloroform  cheese,  the  amount  of  amides  was  not 
quite  one-fourth  of  the  amount  of  albumoses  and  peptones  at  the 
age  of  one  month.  The  relative  amount  slowly  increased,  until 
at  the  end  of  nine  months  the  amount  of  amides  was  nearly 
equal  to  that  of  albumoses  and  peptones. 

(3)  In  chloroform  cheese,  no  ammonia  had  appeared  at  the 
end  of  nine  months;  in  the  normal  cheese,  nearly  one  per  ct.  of 
the  total  nitrogen  was  present  as  ammonia  at  the  end  of  one 
month  and  this  amount  steadily  increased. 

From  these  results  it  is  seen  that,  in  a  normal  cheese,  the 
amides  steadily  increase,  while  the  albumoses  and  peptones 
increase  for  some  months  and  then  decrease.  In  a  chloroform 
cheese,  the  different  classes  of  compounds  under  discussion  all 
increase  continuously  from  the  beginning  for  many  months. 

In  normal  cheese,  traces  of  ammonia  appear  at  an  early  stage 
of  ripening,  while,  in  chloroform  cheese,  the  first  traces  usually 
appear  only  after  the  lapse  of  six  months  or  more,  and  the  in- 
crease is  very  slow,  so  that  even  after  a  year  only  minute 
amounts  are  present. 

For  these  idata  it  appears  that  there  is  some  agent  at  work  in 
normal  cheese  which  is  not  active  in  cheese  made  with  chloro- 
form. Just  what  this  additional  factor  is  our  present  data  do 
not  explain,  but  our  efforts  are  being  directed  to  the  task  of 
identifying  this  agent. 
18 
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CONDITIONS    AFFECTING    WEIGHT    LOST    BY 
CHEESE  IN  CURING* 


L.   L.   YAK   BLTKB. 
SUMMARY. 

I.  The  loss  of  weight  by  cheese  in  cnring  has  not  received 
systematic  study  in  America  under  carefully  controlled 
conditions. 

//.  Equ%p}ieni  for  investigation. — Six  curing-rooms  have  been  so 
built  and  equipped  as  to  keep  temperature  and  moisture  under 
control.  Each  room  is  kept  at  a  fixed  temperature,  and  the 
different  degrees  represented  in  the  work  are  the  following: 
55°,  60°,  65°,  70°,  75°,  80°  P.  The  temperature  varies  only  one 
or  two  degrees  from  the  desired  point,  and  then  only  for  brief 
periods.  The  moisture  is  kept  mostly  between  70  and  80  per  ct. 
of  saturation.  The  method  is  given  for  determining  proportion 
of  moisture  in  air,  with  necessary  tables. 

///.  Conditions  affecting  loss  of  toeight  in  cheese-curing. — ^The 
weight  lost  by  cheese  in  curing  is  due  almost  entirely  to  evapora- 
tion of  moisture  from  cheese,  except  at  temperatures  above 
70°  F.,  when  there  may  be  some  added  loss  due  to  leakage  of  fat. 
The  rapidity  and  extent  of  loss  per  100  pounds  of  cheese  vary 
with  the  following  conditions:  (1)  The  percentage  of  moisture 
originally  present  in  the  cheese.  The  more  moist  the  cheese, 
the  greater  and  more  rapid  is  the  loss  of  weight.  (2)  The 
texture  of  cheese.  The  more  open  the  texture,  the  greater  the 
loss  of  moiflture.  (3)  Temperature.  Loss  of  weight  increases 
with  increase  of  temperature.    X*)  Size  and  shape  of  cheese. 
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Loss  of  weight  increases,  when  the  size  of  cheese  decreases. 
Increase  of  height  or  diameter  of  cheese  decreases  loss  of 
weight.  (5)  Proportion  of  water-vapor  in  air.  The  greater  the 
moisture  in  the  air  of  the  curing-room,  the  smaller  is  the  loss  of 
weight  of  cheese. 

lY.  Some  practical  applications, — (1)  Value  of  water  in  cheese 
to  dairymen.  Water,  put  in  cheese  in  right  proportions  and  kept 
there,  is  motfej  to  the  dairyman,  increasing  amount  of  cheese  to 
be  sold.  .(2)  Moisture  in  cheese  in  relation  to  quality.  Exces- 
sive loss  of  moisture  in  curing  seriously  injures  commercial 
quality  of  cheese.  (3)  What  percentage  of  moisture  should 
cheese  have?  When  consumed,  cheese  should  have  not  less  than 
33  per  ct.  moisture.  If  cured  at  low  temperatures,  larger 
amounts  can  be  held  to  advantage  of  quality.  (4)  Value  of 
water  in  cheese  to  consumers.  Cheese  with  fairly  lauge  amount 
of  moisture,  cured  at  proper  temperature,  is  more  palatable  to 
most  consumers.  Less  rind  is  thrown  away.  (5)  Variation  of 
loss  of  moisture  with  size  of  cheese.  As  small  cheese  loses 
moisture  more  rapidly  than  larger  cheese,  greater  pains  must  be 
taken  with  small  cheese  to  prevent  excessive  loss  of  moisture. 
(6)  Loes  of  moifiture  and  loss  of  f^t.  To  avoid  loss  of  fat  by 
leakage  and  excessive  loss  of  moisture,  cheese  should  not  be 
kept  above  70°  P.  for  any  length  of  time. 

y.  Prevention  of  loss  of  moisture  in  curing  cheese, — ^Three  systems 
have  been  proposed:  (1)  Immediate  sale  and  removal  of  newly- 
made  cheese.  In  this  case  the  buyer  assumes  responsibility  of 
curing  in  cold-storage  and  secures  all  the  benefits.  (2)  Central 
curing-rooms,  located  so  as  to  care  for  product  of  several  factor- 
ies and  equipped  with  complete  facilities  for  controlling  temper- 
•nturfe  and  moisture.  This  system  has  greater  promise  than 
any  other.  (3)  Special  curing-rooms  in  each  factory  are  desir- 
able when  central  curing-rooms  cannot  be  had.  Details  are 
given,  taken  mainly  from  Bulletin  No.  70  of  the  Wisconsin  Agri- 
cultural Experiment  Station,  describing  construction  of  curing- 
rooms  and  various  kinds  of  sub-earth  ducts. 
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I.    INTRODUCTION. 

It  is  well  known  among  cheesemakers  that  cheese  begins  to 
lose  weight  immediately  from  the  time  it  is  taken  from  the  press 
and  placed  upon  the  shelves  of  the  curing-room;  this  loss  con- 
tinues indefinitely.  While  there  has  been  some  study  in  Europe 
relating  to  the  conditions  and  extent  of  loss  of  weight  in  cheese- 
curing,  the  results  thus  obtained  are  not  generally  applicable 
to  the  conditions  prevailing  in  this  country.  Some  study  of  this 
question  has  been  made  in  America,  but  it  has  been  rather 
desultory  in  character,  lacking  in  systematic  plan  and  thorough- 
ness, and  under  oiroumstances  not  permitting  careful  control 
of  conditions. 

II.    EQUIPMENT  FOB  INVESTIGATION. 

CUBINOROOMS. 

For  the  past  three  years  at  this  Station  we  have  been  making 
a  systematic  study  of  the  various  conditions  that  affect  loss  of 
weight  in  cheese  during  the  progress  of  curing.  The  special 
equipment  in  the  way  of  cheese-curing  rooms  has  given  us 
unusual  opportunities  to  carry  on  such  study  under  well -con- 
trolled conditions.  We  have  a  block  of  six  distinct  curing-rooms, 
separated  from  the  outer  walls  of  the  building  by  a  passage 
four  feet  wide.  The  rooms  are  farther  insulated  by  double 
walls  and  air  spaces  on  every  side  of  each  room.  These  rooms 
are  9  by  10  feet  and  about  8  feet  high,  and  the  wall  space  on 
three  sides  is  provided  with  shelves  12  inches  apart. 

OONTROL  OF  TBMPBRATURB. 

The  temperature  and  moisture  in  each  room  can  be  controlled 
independently  of  the  other  rooms.  It  is  possible  to  obtain  a 
range  of  temperature  varying  from  40  to  90  degrees  Fahrenheit 
in  every  room.  Each  room  is  provided  with  a  hot-air  flue  from 
below  and  a  cold-air  flue  above,  leading  from  the  chamber  in  the 
attic,  which  contains  ammonia  expansion  coils  and  brine  tanks. 
These  two  flues,  one  for  cold  and  one  for  hot  air,  are  closed  by 
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damperSy  and  these  dampers  are  operated  by  means  of  com- 
pressed air  tnbes  controlled  by  metallic  thermostats.  There  is 
also  a  ventilating  flue  in  the  ceiling  of  each  room.  The 
thermostat  is  fixed  so  as  to  register  some  definite  temperature 
in  each  room.  For  example,  in  one  room  the  thermostat  is  sot 
at  70°  P.  When  the  temperature  falls  one  degree  below  70°  F., 
the  thermostat  is  affected  in  such  a  manner  that  a  valve  is 
turned  and  this  causes  compressed  air  to  close  the  cold-air 
damper  in  the  ceiling  and  to  open  the  hot-air  damper  in  the 
floor,  thus  restoring  the  temperature  to  70°  F.  On  the  other 
hand,  when  the  temperature  rises  to  71°  P.,  the  cold-air  flue  in 
the  ceiling  is  opened  and  the  hot-air  flue  is  closed^  when  the 
temperature  soon  begins  to  drop.  Thus  we  have  an  alternate 
admission  and  exclusion  of  hot  air  and  cold  air,  causing  the 
temperature  to  rise  a  little  above  or  fall  slightly  below  the 
given  point  at  which  it  is  desired  to  hold  the  temperature  of 
the  room.  Bo  delicate  is  the  operation  of  this  system  that 
merely  breathing  upon  the  thermostat  will  open  the  cold-air  flue, 
while  fanning  the  thermostat  will  open  the  hot-air  damper.  We 
are  able,  therefore,  by  this  system  to  hold  temperature  within 
a  very  limited  range.  Under  most  favorable  conditions,  the 
limit  of  variation  is  only  two  degrees.  Even  with  a  much  wider 
temporary  variation  the  temperature  of  the  interior  of  a  cheese 
would  not  be  affected  to  the  extent  of  more  than  a  small  fraction 
of  a  degree,  as  we  have  shown  by  placing  a  thermometer  inside 
a  cheese  and  keeping  it  there  under  observation  for  several 
weeks. 

OONTROL  OF  MOISTURE 

It  is  more  difficult  to  control  moisture  than  temperature,  so 
as  to  hold  it  within  narrow  limits.  The  most  practicable  and 
efficient  method  we  have  found  adapted  to  our  conditions  is  to 
make  use  of  yard-wide  pieces  of  coarse  felt,  having  a  strong 
capillary  power.  One  end  of  the  felt  dips  in  a  trough  of  water 
situated  near  the  top  of  the  room  and  the  lower  end  drops  into 
a  trough  placed  on  the  floor.  The  water  is  sucked  in  by  the 
felt  at  the  upper  end  and  gradually  distributes  itself  throughout 
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the  whole  piece,  the  excess  of  water  dripping  into  the  lower 
trough.  It  is  necessary  occasionally  to  boil  these  pieces  of  felt 
cloth  in  water  slightly  acidulated  with  some  acid,  like  acetic  or 
hydrochloric,  in  order  to  remove  mineral  salts  that  accumulate 
and  interfere  with  capillary  action.  The  use  of  distilled  or  rain 
water  would  obviate  this  difficulty.  Thus  far  we  have  kept  the 
moisture  as  nearly  as  possible  at  75  per  ct.  of  saturation,  though 
variations  of  5  per  ct.  below  and  10  per  ct.  above  may  occur  at 
times.  The  natural  tendency  is  toward  a  higher  percentage  of 
relative  moisture  at  lower  temperatures. 

MBTTHOD  OF   DBTBRMININO   MOISTURB   IN   AIR. 

The  relative  amount  of  moisture  in  air  can  be  determined  by 
means  of  an  instrument  known  as  a  hygrometer,  of  which  there 
are  several  forms.  One  form  indicates  the  percentage  of  mois- 
ture directly  by  means  of  a  needle  or  hand;  this  is  the  most 
convenient  kind  of  hygrometer,  and  is  probably  sufficiently 
accurate  for  ordinary  purjwses.  A  more  accurate  instrument 
consists  of  two  sensitive,  standard  thermometers.  The  bulb  of 
one  is  exposed  to  the  air  directly,  like  any  thermometer,  and  is 
known  as  the  dry-bulb  or  dry  thermometer,  while  the  other  has 
its  bulb,  wrapped  in  a  piece  of  muslin  to  hold  water,  and  is 
known  as  the  wet-bulb  or  wet  thermometer.  The  wet  ther- 
mometer should  be  fixed  in  a  frame  that  enables  one  to  whirl 
it  easily.  The  form  of  hygrometer  used  by  us  is  made  by  Julian 
P.  Friez,  Baltimore,  Md.  The  dry  thermometer  indicates  the 
temperature  of  the  air  in  the  room.  The  wet  thermometer, 
properly  used,  indicates  a  lower  temperature  than  does  the  dry 
thermometer,  because  the  water  in  the  muslin  bound  about  the 
bulb  evaporates  and  the  evaporation  is  accompanied  by  a  lower- 
ing of  the  temperature  immediately  around  the  bulb.  The  less 
moisture  there  is  in  the  air,  the  more  rapidly  does  evaporation 
take  place  and  the  lower  is  the  temperature  indicated  by  the 
wet  thermometer.  The  greater  the  moisture  in  the  air,  the  less 
rapid  is  the  evaporation  and  the  smaller  the  difference  between 
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the  temperature  indicated  by  the  dry  and  wet  thermometers. 
When  the  two  thermometers  indicate  the  same  temperature, 
then  there  is  no  evaporation  taking  place  from  the  bulb  of  the 
wet  thermometer,  because  the  air  is  saturated  with  moisture, 
that  is,  holds  as  water-yapor  all  it  can  at  that  temperature.  If 
the  moisture  is  increased  beyond  this  point  or  if  the  tempera- 
ture is  lowered,  some  of  the  water-vapor  will  be  condensed  into 
visible  drops  of  water. 

In  order  to  use  a  hygrometer  for  the  purpose  of  ascertaining 
the  proportion  of  moisture  in  air,  we  note  first  the  temperature 
indicated  by  the  dry  thermometer.  Then  we  dip  in  water  the 
bulb  (wrapped  in  muslin)  of  the  wet  thermometer,  whirl  it 
vigorously  for  one  or  two  minutes,  and  then  quickly  read  the 
temperature.  The  whirling  is  for  the  purpose  of  quickly  causing 
evaporation.  It  is  well  to  repeat  the  whirling  two  or  three 
times,  noting  the  temperature  of  the  wet  thermometer  after 
each  whirling.  The  dififerent  temperature  readings  should  agree 
if  the  whirling  operation  is  equally  thorough  each  time.  Pains 
must  be  taken  to  keep  the  muslin  about  the  bulb  moist  during 
the  different  whirlings.  After  getting  the  temperatures  of  the 
two  thermometers,  we  subtract  the  number  indicating  the 
temperature  of  the  wet  thermometer  from  the  number  showing 
the  temperature  of  the  dry  thermometer.  Then  we  turn  to  pre- 
pared tables  of  figures  and  find  the  column  of  figures,  at  the  top 
of  which  is  the  difference  obtained  by  the  foregoing  subtraction. 
If  the  exact  figure  is  not  there  we  take  the  one  nearest  it. 
We  then  follow  down  this  column  until  the  figure  is  found 
opposite  the  number  in  the  left  hand  column  which  is  the  same 
as  the  temperature  indicated  by  the  dry  thermometer.  The 
number  thus  found  indicates  the  relative  amount  of  moisture  in 
the  air,  or  percentage  of  saturation;  that  is,  how  much  moisture 
the  air  actually  holds  compared  with  what  it  could  hold  at  that 
temperature  if  saturated. 

The  preceding  statements  can  be  better  understood  by  use  of 
a  specific  illustration.    Suppose  we  find  by  actual  trial  that  the 
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readings  of  the  two  thermometers  of  our  hygrometer  are  as 

follows: 

Pry  thermometer TC^P. 

Wet  thermometer  65''F. 

Difference 5**  P. 

We  turn  to  the  tables  given  at  the  end  of  this  bulletin  (taken 
from  Weather  Bulletin  No.  127,  U.  S.  Dept.  Agr.)  and  look 
in  the  upper  horizontal  row  for  the  number  5.  Having  found 
this,  we  follow  down  the  column  until  we  come  opposite  the 
number  indicated  by  the  dry  thermometer  (70)  in  the  vertical 
column  at  the  extreme  left.  This  brings  us  to  the  figure  77, 
which  indicates  the  relative  amount  of  moisture  in  the  air;  in 
other  words,  the  air  contains  77  per  ct.  as  much  moisture  as  it 
can  hold  at  70°  F, 

III.    CONDITIONS    AFFECTING    LOSS    OF    WEIGHT    IN 
CHEESE-CURING. 

The  loss  of  weight  in  cheese  during  the  process  of  curing  under 
proper  conditions  may  be  regarded  for  practical  purposes  as 
being  due  entirely  to  the  evaporation  of  water  from  the  cheese. 
Of  course,  the  mechanical  loss  of  fat  by  exudation  from  cheese 
kept  at  high  temperatures  must  be  considered,  but  with  proper 
control  of  temperature  such  loss  will  not  take  place.  The  small 
amount  of  loss  due  to  the .  formation  and  escape  of  carbon 
dioxide  and  other  gases  from  cheese  can  be  neglected  for  the 
purpose  we  now  have  in  view. 

The  rapidity  and  extent  of  loss  of  moisture  in  cheese  during 
the  process  of  curing  vary  with  several  conditions,  chief  of 
which  are  the  following: 

(1)  The  percentage  of  moisture  originally  present  in  the 
cheese. 

(2)  The  texture  of  the  cheese. 

(3)  The  temperature  of  the  curing-room, 

(4)  The  size  and  shape  of  the  cheese. 

(5)  The  proportion  of  water-vapor  present  in  the  air  of  the 
curing-room. 
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LOSS  OF  MOISTURE  AS  INFLUaOXCED   BY  THE  PERCENTAGE   OF  WATER 
PRESENT  IN  GREKN   CHEESE. 

In  presenting  the  results  of  our  study  under  this  division  of 
our  subject,  we  will  first  make  use  of  some  extreme  cases,  in 
which  the  percentage  of  water  in  the  cheese  varied  from  55  to 
35.  In  the  following  table  we  give  the  percentage  of  water 
originally  present  in  the  cheese  fresh  from  press  and  the 
amount  of  water  lost  per  100  pounds  of  cheese  for  each  of  four 
weeks,  the  conditions  of  temperature  and  moisture  of  air  being 
the  same  for  the  different  cheeses. 

TABLB    I. — ^LOSS   OF   MOISTURK   IN    CHEESES    GONTAIKINO    DIFFERENT    PEB* 
CENTAOE8   OF   WATER. 

Water  lost  by  100  lbs.  of  green  cheese. 


Water  in  100  Lbs. 
Orbs*  Chbcsb. 

In  1  week. 

In  X  weeks. 

In  8  weeks. 

In  4  weeks. 

L6«. 

Lb9, 

Lbs. 

Lb». 

JJbM. 

55 

9.0 

11.2 

12.3 

16.8 

50 

5.6 

0.2 

11.0 

12.9 

45 

4.5 

6.3 

8.0 

9.5 

35 

3.3 

4.2 

4.9 

5.7 

An  examination  of  these  figures  suggests  the  following 
statements: 

(1)  There  is  a  marked  general  tendency  for  very  moist  cheese 
to  lose  water  more  rapidly  than  cheese  having  less  moisture, 
other  conditions  being  uniform.  Thus,  the  cheese  containing  65 
per  ct.  of  moisture  lost  nearly  three  times  as  much  moisture  by 
evaporation  each  week  as  did  the  cheese  containing  35  per  ct. 
of  water,  and  nearly  twice  as  much  as  the  cheese  containing  45 
per  ct.  of  moisture. 

(2)  At  the  end  of  four  weeks,  the  cheese  containing  55  per  ct. 
of  moisture  had  lost  about  one-third  of  its  water;  the  one  with 
50  per  ct.  had  lost  one-fourth;  the  one  containing  45  per  ct.,  one- 
fifth;  and  the  one  with  35  per  ct.,  one-sixth.  It  is  thus  seen 
that  the  more  moist  the  cheese  the  greater  is  the  proportion  of 
its  water  lost  by  evaporation;  and,  hence,  the  moisture  in  the 
different  cheeses  tends  to  become  more  nearly  alike.  However, 
they  would  not  all  reach  the  same  condition  of  moisture-content, 
except  under  very  unusual  conditions. 
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The  results  presented  in  such  extreme  cases  are  full  of  inter- 
est, but  do  not  have  practical  application  to  conditions  com- 
monly present  in  cheese  making.  There  is,  however,  a  practical 
question  in  this  connection  to  be  considered  later. 

We  will  consider  one  more  illustration,  in  which  the  varia- 
tions of  moisture  in  the  green  cheeses  are  within  narrow  limits 
and  essentially  similar  to  cases  occurring  in  factory  work.  The 
data  in  the  following  figures  represent  averages  obtained  with 
four  different  lots  of  cheese.  The  cheeses  weighed  about  30  lbs. 
each. 

™::eeX""    ""   '"'"]    «-^      ^-^      ''•«      »•« 

Water  lost  by  100  lbs,  cheese  )ko  a  a  a  k  a  o 

m  6  weeks,  lbs.  ) 

These  data  show  that  the  loss  of  moisture  increases  as  the 
amount  of  water  in  the  green  cheese  increases,  even  though  the 
amount  of  moisture  in  the  green  cheese  varies  within  compar- 
atively narrow  limits.  Variation  in  other  conditions  may,  of 
course,  interfere  with  this  general  tendency. 

LOSS   OP  MOISTURE  AS  INFLUENCED   BY  TEXTURB)  OF  CHEESBT. 

Cheese  filled  with  holes  will  occupy  more  volume  than  the 
same  weight  of  cheese  free  from  holes.  Hence,  cheese  with  such 
faulty  texture  has  a  larger  surface  exposed  for  evaporation 
relative  to  its  weight  and  will  lose  more  moisture.  Then,  in 
addition,  the  presence  of  numerous  holes  in  cheese  greatly  facili- 
tates the  escape  of  moisture  from  the  interior  of  the  cheese  to 
the  surface.  This  is  a  partial  explanation  of  the  fact  that 
cheese  high  in  moisture  loses  water  more  rapidly  than  cheese 
containing  less  moisture.  It  is  well  known  that  cheese  contain- 
ing high  percentages  of  water  usually  develops  holes  abun- 
dantly, especially  when  cured  at  or  above  ordinary  temperatures. 

LOSS  OF  MOISTURiE  AS  INFLUBNOED  BY  TBMPSRATURBl. 

In  our  study  of  the  influence  of  temperature  upon  loss  of 
moisture  we  used  six  different  temperatures,  viz.:  55*^,  60°,  65°, 
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70°,  75°,  80°  F.  In  one  case  a  temperature  of  about  32°  P.  was 
employed.  The  degree  of  moisture  was  kept  as  nearly  uniform 
as  possible  in  the  different  curing-rooms. 

In  this  connection  we  will  present  the  results  secured  with 
cheeses  15  inches  in  diameter,  and  weighing,  fresh  from  press, 
about  65  lbs.,  the  usual  standard  size  of  the  most  common  type 
of  American  Cheddkr  cheese.  Work  with  the  cheeses  at  75° 
and  80°  F.  was  discontinued  after  16  weeks.  The  number  of 
cheeses  of  this  size  available  for  our  work  has  not  been  suffi- 
cient to  cover  the  grou-nd  as  fully  as  is  desirable. 


Table  II.— -Loss  op  Moisture  at 

DiPFEBEWT  TEICPEBATUBES. 

TOIP. 

Water  lost  by  100  Ibe.  of  green  cheese  In 

ow 

CURt!fO- 

Kooa. 

^    1 

week. 

9 
week!. 

8 
weeks. 

4 
weeks. 

8 
weeks. 

12 
weeks. 

IS 
weeks. 

ao 

weeks. 

S4 
weeks. 

98 

weeks. 

Dtg.r, 

Lb9. 

Lh$. 

Lb8. 

Lbs. 

Lb». 

Lba, 

Xfts. 

LbM. 

Lb9. 

LbB. 

55 

1.6 

2.6 

3.2 

3.7 

5.2 

6.1 

6.8 

7.6 

8.1 

8.6 

60 

1.7 

2.8 

3.4 

3.9 

5.5 

6.5 

7.5 

8.5 

9.3 

9.9 

65 

1.9 

3.0 

3.6 

4.1 

5.8 

7.0 

8.2 

9.2 

10.1 

10.5 

70 

2.0 

3.1 

3.7 

4.3 

6.0 

7.8 

9.0 

10.1 

11.1 

12.0 

75 

2.2 

3.3 

4.0 

4.7 

7.2 

9.7 

11.4 

80 

2.4 

3.7 

4.5 

•5.2 

8.3 

11.6 

15.5 

Attention  is  called  to  the  following  points: 

(1)  At  55°  P.  the  total  loss  of  moisture  is  less  than  it  is  at  the 
higher  temperatures.  This  is  true  at  the  end  of  the  first  week 
and  continues  so  through  all  the  weeks  following. 

(2)  The  loss  of  weight  increases  in  a  marked  degree  with 
increase  of  temperature.  During  the  first  four  weeks  the  loss 
of  weight  increased  about  three  ounces  for  each  increase  of  five 
degrees  of  temperature  between  the  limits  of  55°  and  70°  P. 
From  70°  to  75°  P.,  the  increase  was  six  and  one-half  ounces, 
and  from  75°  to  80°  P.,  the  increase  was  eight  ounces  for  each 
5°  P.  additional.  As  between  55°  and  80°  P.  the  loss  increased 
on  an  average  one  ounce  per  100  lbs.  of  cheese  for  each  addi- 
tional degree  Fahr.  At  the  end  of  two  months,  comparing  55° 
and  80°  P.  the  loss  increased  two  ounces  per  100  lbs.  of  cheese 
for  each  degree;  and  at  the  end  of  three  months,  three  and  one- 
half  ounces. 
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(3)  The  average  weekly  loss  of  weight  or  rate  of  loss  increases 
with  increase  of  temperature.  This  statement  can  be  more 
clearly  understood  by  means  of  the  subjoined  table,  which  has 
been  prepared  from  the  data  given  in  Table  II. 

Table  III, — Average  Weekly  Loss  at  Different  TEMPBRATtrRES. 


Tekf. 

Average  loss  per  week. 

Water  lost  by  lOJ  lbs.  of  green  cheese. 

Lba.  to- 
tal 1088 

CURINO- 
ROOK. 

week. 

Sd 
week. 

8d 
week. 

4th 
week. 

2d 
mouth. 

Sd 
month. 

4th 
month. 

5th 
month. 

6th' 
month. 

for  six 
months. 

Deg  F. 

On. 

On, 

On. 

On, 

0Z9. 

On. 

Ozs. 

On. 

Ozs, 

LbB. 

55 

25.6 

16.0 

9.6 

8.0 

6.0 

8.6 

2.8 

2.8 

2.4 

8.1 

60 

27.2 

17.6 

9.6 

8.0 

6.4 

4.0 

4.0 

4.0 

8.2 

9.3 

G5 

30.4 

17.6 

9.6 

8.0 

6.8 

4.8 

•  4.8 

4.0 

3.6 

10.1 

70 

32.0 

17.6 

9.6 

9.6 

6.8 

4.8 

4.8 

4.4 

4.0 

11.1 

75      35.2    17.6    10.2    10.2      10.0      10.0        6.8      •      

80      38.4    20.8    12.8    10.2       12.4      13.2      15.6      

An  examination  of  this  table  shows  the  smallest  weekly  loss 
at  55^  F.  in  every  case  and  a  clear  tendency  for  the  loss  to 
increase  with  increase  of  temperature. 

(4)  It  is  noticeable  that  the  loss  is  greater  the  first  week  than 
during  any  other  week.  At  55°  and  60°  P.  the  loss  the  first 
week  is  equal  to  the  combined  losses  of  the  second  and  third 
weeks.  At  the  higher  temperatures  the  loss  during  the  first 
week  is  nearly  equal  to  the  combined  losses  of  the  second,  third 
and  fourth  weeks. 

(5)  The  weekly  loss  decreases  continuously  as  the  cheese  grows 
older.    This  is  true  at  all  temperatures. 

(6)  The  comparatively  rapid  loss  of  moisture  during  the  early 
stage  of  curing  is  entirely  consistent  with  the  fact  previously 
shown,  that  loss  of  moisture  increases  with  the  moisture  content 
of  the  cheese.  The  cheese  contains  its  maximum  of  moisture 
when  new.  In  addition,  the  bandage  holds  considerable  water 
which  quickly  evaporates.  Then,  again,  the  outer  surface  of  the 
cheese,  in  drying,  begins  to  harden,  the  pores  of  the  cheese-cloth 
filling  to  some  extent  with  dried  matter,  and  this  condition  tends 
constantly  more  and  more  to  diminish  evaporation,  provided 
cracking  is  prevented. 

(7)  An  examination  of  Table  III  shows  that  the  cheese  at 
80°  F.,  after  the  fourth  week  had  an  increased  weekly  loss  of 
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weight,  while  at  the  lower  temperatures  the  weekly  loss  fell 
gradually.  This  extra  loss  was  due  to  leakage  of  fat  from  the 
cheese,  which  was  very  noticeable  on  the  surface  of  the  cheese 
and  on  the  shelf.  The  cheese  at  75°  F.  al»o  lost  some  fat  .by 
leakage,  as  the  figures  in  the  table  indicate  for  the  second  and 
third  months. 

(8)  To  illustrate  the  influence  of  temperature  below  55°  F, 
upon  loss  of  moisture  in  cheese  curing,  we  give  some  results 
secured  with  cheeses  weighing  30  pounds,  13  inches  in  diameter. 
The  last  weighing  was  taken  when  the  cheeses  were  five  weeks 
old. 

Temperature,  degrees  F.  32  65  60  70 

Weight,  loss  by  100  lbs.  of  cheese 
in  five  weeks,  lbs.,  3.0        4.6        4.6        4.9 

The  reduction  in  temperature  below  55°  F.  is  seen  to  be 
attended  with  decreased  loss  of  moisture  in  a  marked  degree. 

LOSS  OF  MOISTURE)  AS  INB*LT7BNCM>  BY  SIZE  AND  SHAPS  OF  GHBBSB. 

We  will  first  present  data  secured  with  cheeses  having  the 
same  diameter  but  varying  in  height.  .These  cheeses  were  7 
inches  in  diameter,  being  of  the  type  commonly  known  as 
"  Young  Americas."  They  were  made  from  one  vat  of  milk  and 
subjected  to  uniform  conditions.  They  were  all  kept  at  a  uni- 
form temperature  of  65°  F. 

Table  IV. — Weight  Lost  by  Cheese  of  Vabying  Heioht  ahd  Unifobm 

DiAMETBB. 


Hkigut 

OF 

Chkuk. 

3^ 
cheese. 

Water  lost  by  100  lbs.  of  green  cheese  In 

wik. 

2 
weekA. 

S 
weekB, 

4 
weeks. 

8 
weeks. 

12 
weeks. 

16 
weeks. 

20 
weeks. 

24 
weeks. 

InchM. 

Lb9. 

Lb8. 

LbB. 

Lbs, 

Lb$, 

Lb9. 

LbB, 

Lbs, 

Lb9. 

Lb9, 

8 

4.6 

8.4 

5.8 

6.4 

7.0 

10.7 

12.9 

13.9 

15.9 

17.0 

4 

6.1 

3.8 

5.1 

6.1 

6.7 

9.7 

11.5 

13.0 

14.0 

15.6 

5 

7.0 

2.8 

4.2 

5.5 

6.3 

8.3 

9.8 

11.2 

12.6 

13.4 

6 

9.3 

2.5 

3.9 

5.2 

6.0 

7.8 

9.4 

10.6 

11.6 

12.8 

7 

11.0 

2.3 

3.4 

4.7 

5.6 

7.4 

8.9 

10.5 

11.2 

12.4 

JThe  data  in  this  table  suggests!  the  following  statements: 
(1)  The  loss  of  weight  was  greatest  in  the  cheese  whose  height 
was  least.    The  loss  decreased  with  increase  of  height.    Taking 
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the  total  loss  for  the  first  four  weeks,  it  is  seen  that  an  increase 
of  one  inch  in  height  reduced  the  loss  of  moisture  about  5^ 
ounces  per  100  pounds  of  cheese. 

(2)  The  general  tendency  in  all  the  cheeses  was  a  decrease  in 
the  weekly  rate  of  loss  of  weight  as  the  cheese  grew  older.  The 
weekly  rate  of  loss  was  greater  in  the  smaller  cheeses  for  the 
first  two  months,  after  which  the  rate  was  fairly  uniform  in  all 
the  cheeses. 

We  will  now  consider  data  furnished  by  cheeses  having 
approximately  the  same  height  but  varying  in  diameter.  The 
results  represent,  in  case  of  the  smaller  cheeses,  averages  cover- 
ing from  ten  to  twenty-five  separate  lots  of  cheese. 

Table  V. — Weight  Lost  by  Cheese  op  Vabying  Diametee  ajtd  Uniform 

Height. 


Tern- 
Weight    pera- 

of     ture  of  ^ 
green  curing 
onoese.  rooms. 

Water  lost  by  100  lbs.  of  cheese. 

terof 
cheese. 

1 
week. 

2              4 
weeks,  weeks. 

8 
weeks. 

12 
weeks. 

16 
weeks. 

weeks. 

24 
weeks. 

Inches, 

Lbs. 

Dtg.F, 

Lbs, 

Lbs. 

Lbs, 

Vm. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

15 

65 

80 

2.4 

3.7 

6.2 

8.3 

11.6 

15.5 

7 

9 

80 

3.6 

5.2 

7.3 

10.9 

12.7 

14.5 

16.3 

17.] 

15 

65 

75 

2.2 

3.3 

4.7 

7.2 

9.7 

11.4 

7 

9 

75 

3.1 

4.8 

6.6 

9.2 

11.1 

12.7 

14.1 

15.1 

15 

65 

70 

2.0 

3.1 

4.3 

6.0 

7.8 

9.0 

10.1 

11.1 

11 

23 

70 

3.0 

4.2 

6.1 

7.7 

9.2 

10.6 

11.6 

12.4 

7 

9 

70  ' 

2.9 

4.5 

6.2 

8.9 

10.9 

12.2 

13.9 

14.6 

15 

65 

65 

1.9 

3.0 

4.1 

5.8 

7.0 

8.2 

9.2 

10.1 

13 

21 

65 

2.0 

3.4 

5.1 

6.2 

7.7 

8.7 

9.3 

10.2 

11 

22 

65 

2.6 

3.7 

5.3 

6.9 

8.1 

9.5 

10.4 

11.3 

7 

9 

65 

2.5 

3.9 

5.6 

7.9 

9.5 

10.9 

12.1 

13.1 

15 

65 

60 

1.7 

2.8 

3.9 

5.5 

6.5 

7.5 

8.5 

9.3 

13 

31 

60 

1.7 

2.7 

4.3 

6.1 

7.3 

8.4 

9.5 

11 

22 

60 

1.9 

3.6 

4.5 

6.3 

7.5 

8.7 

9.6 

10.5 

7 

9 

60 

2.4 

3.7 

5.6 

7.7 

9.3 

10.6 

11.9 

12.6 

15 

65 

55 

1.6 

2.6 

3.7 

6.2 

6.1 

6.8 

7.5 

8.1 

13 

29 

55 

1.5 

2.7 

4.2 

5.7 

7.2 

7.9 

8.9 

9.4 

11 

20 

55 

2.1 

3.6 

4.6 

6.4 

7.4 

8.8 

9.4 

10.1 

7 

9 

55 

2.2 

3.6 

5.1 

7.2 

8.8 

9.8 

11.0 

12.0 

A  study  of  the  preceding  table  brings  out  the  following  points: 
(1)  In  general,  at  all  temperatures,  the  loss  of  weight  in  cheese 
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increases  when  the  diameter  of  the  cheese  decreases.  Taking 
the  cheeses  having  diameters  of  15  and  7  inches  respectively,  at 
the  age  of  four  weeks,  we  see  that  at  a  temperature  of  80°  F.  the 
smaller  cheese  has  lost  2.1  pounds  more  per  hundred  pounds  of 
ohcese  than  has  the  larger  cheese. 

(2)  The  difference  in  loss  of  weight  between  cheesee  of  differ- 
ent diameters  is  greatest  at  80°  F.  and  gradually  decreases  with 
decrease  of  temperature.  Illustrating  this  point  with  the  15  and 
7  inch  cheeses  at  the  age  of  four  weeks,  we  have  the  small  cheese 
losing  more  than  the  large  cheese  by  the  following  amounts 
l)er  hundred  cheese:  at  80°  F.,  2.1  lbs.;  at  75°  F.,  1.9  lbs.;  at 
70°  F.,  1.9  lbs.;  at  65°  F.,  1.^  lbs.;  at  60°  F.,  1.6  lbs.;  at 
55°  F.,  1.4  lbs. 

(3)  At  65°  F.  we  find  that  an  increase  of  two  inches  in  diam- 
eter reduces  the  loss  of  weight  about  one-half  pound  per  hundred 
pounds  of  cheese,  when  the  cheeses  are  four  weeks  old.  When 
the  cheeses  are  16  weeks  old,  the  decrease  in  loss  of  weight  is 
one  pound  for  an  increase  of  two  inches  in  diameter. 

We  have  two  additional  illustrations  to  present,  in  which 
cheeses  were  made  from  the  same  milk  and  cured  under  the 
same  conditions.    We  present  these  data  in  the  following  table: 

Tablb  VI. — ^Weight  Lost  by  Cheeses  of  Diffebent  Diametebs. 


Diame- 
ter of 

We.^t 

per*- 
tnnof  4 
curing- 
room. 

Water  lost  by  10 

D  lbs.  of  ch 

eesein 

weeks. 

8              5 
weeks,  weeks. 

7 
weeks. 

8 
weeks. 

19 
weeks. 

16 
weeks. 

so 

wefkii. 

riMAM. 

Lb0. 

Dtg.F. 

Un. 

Lb*. 

Llw. 

Ub9. 

UtM. 

£te. 

lb%. 

Xfr«. 

13 

36 

55 

2.9 

3.6 

4.5 

4.9 

5.4 

6.4 

7.2 

8.1 

7 

10 

55 

8.9 

4.9 

6.3 

6.9 

7.2 

8.7 

9.9 

11.5 

13 

29 

60 

2.8 

3.7 

4.7 

5.7 

6.0 

7.3 

8.2 

9.3 

7 

9 

60 

3.8 

4.8 

6.7 

7.9 

8.2 

9.7 

11.2 

12.5 

LOSS  OF  MOISTURB  AS  INFLUEiNCED  BY  PROPORTION  OF  WATBSR-VAPOR 
PRSSBNT  IN  AIR  OF  CURING-ROOM. 

The  relative  amount  of  moisture  in  air,  or,  more  properly,  the 
degree  of  saturation,  exercises  a  marked  influence  upon  loss  of 
water  in  cheese-ripening.  While  we  have  not  carried  systematic 
investigation  far  in  this  line,  we  can  prt  st^nt  data  that  will 
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clearly  illustrate  the  influence  ef  this  factor.  Cheeses,  which 
were  made  from  the  same  milk,  were  placed  in  the  curing-room 
at  60°  F.  One  cheese  was  kept  on  the  shelf  in  the  ordinary 
manner,  the  air  of  the  room  containing  from  75  to  80  per  ct.  of 
all  the  moisture  it  could  hold  at  60°  F.  The  other  cheese  was 
placed  under  a  bell- jar  and  kept  in  an  atmosphere  completely 
saturated  with  moisture.  The  results  secured  by  this  treatment 
are  presented  in  the  following  table.  The  amount  of  moisture 
in  the  fresh  cheese  was  not  determined  and  we  start,  therefore, 
with  the  moisture  in  the  cheese  at  two  weeks. 

Table  VII. — ^Loss  op  Moistube  m  Cheese  Kept  m  Aib  Completely  and 
Partially  Saturated  with  Moisture. 


In  air  partially  saturated. 

In  air  completely  saturated  with 
moisture. 

AOB  OP  CBBI81 

KoUtare  In                Water  lost  by 
B.         cheese.               100  lbs.  of  cheese. 

Moisture  In 
cheese. 

Water  gained  by 
100  lbs.  of  cheese. 

Per  et.                           Lbs. 

Per  ct. 

Lb9. 

2  weeks  . . . 

35.99                        

85.93 

1  month  ... 

35.23                    0.76 

85.87 

2  months  .. 

34.86                    1.13 

36.01 

0.08 

6  months  .. 

31.87                    4.12 

37.04 

0.11 

12  months  .. 

2G.30                    9.69 

37.63 

1.70 

15  months  . . 

24.85                  11.14 

37.85 

1.92 

Attention  is  called  to  the  following  points  in  connection  with 
this  table: 

(1)  In  case  of  the  cheese  kept  in  air  partially  saturated  with 
moisture,  there  is  a  loss  of  moisture  from  the  first,  which  at  the 
end  of  15  months  has  reached  th^  total  of  11.14  lbs.  per  "hundred 
pounds  of  cheese. 

(2)  In  the  cheese  kept  in-  a  moisture-saturated  atmosphere, 
there  was  practically  no  loss  of  moisture  in  the  cheese,  but  at  the 
end  of  2  months  the  moisture  in  the  cheese  had  actually 
increased  and  continued  to  increase  steadily,  until,  at  the  end  of 
15  months,  there  had  been  an  actual  gain  of  1.92  lbs.  of  moisture 
per  100  Ibfi.  of  cheese. 

(3)  The  two  cheeses  containing  the  same  amount  of  moisture 
at  the  beginning  were  for.nd  to  differ,. at  the  end  of  15  months, 
13  per  ct.  in  moisture,  as  the  result  of  being  kept  in  air  contain- 
ing different  degrees  of  moisture.     - 


Digitized  by 


Google 


Kew  York  Agricdltural  Experiment  Station. 


IV.  SOME  PRACTICAL  APPLICATIONS. 
We  have  been  considering  those  conditions  that  are  most 
prominent  in  influencing  the  loss  of  moisture  in  cheese  and  have 
called  attention  to  the  results  secured  by  us.  We  come  now  to 
consider  those  results  in  their  practical  application  to  the  inter- 
ests of  the  factory  owner,  his  patrons  and  the  consumers  of 
cheese.    In  this  connection  we  will  discuss  the  following  topics: 

(1)  Value  of  water  in  cheese  to  dairymen. 

(2)  Moisture  in  cheese  in  relation  to  commercial  quality. 

(3)  What  percentage  of  moisture  should  cheese  have? 

(4)  Value  of  water  in  cheese  to  consumer. 

(5)  Variation  of  loss  of  moisture  with  different  kinds  of  cheese. 

(6)  Loss  of  moisture  and  lose  of  fat. 

VALUE  OF  WATER  IN  OHBBSrD  TO  DAIRYMEN. 

To  the  cheese-maker  and  producer  of  milk,  water  in  cheese 
is  mopey,  when  put  there  in  the  right  way  and  in  proper  pro- 
portions. It  is  essential,  in  the  process  of  manufacture,  to  incor- 
porate water  in  cheese  in  quantities  best  suited  to  the  require- 
ment of  the  market  for  which  the  cheese  is  intended,  and  then 
it  is  equally  essential  that  the  water  be  kept  there  wilh  the  least 
l>o»sible  loss.  From  the  dairyman's  standpoint,  it  is  desirable 
to  sell  as  much  water  in  cheese  as  will  suit  the  consumer.  In 
preventing  excessive  loss  of  moisture  there  is  more  water  to  sell 
at  cheese  prices. 

From  inquiries  made  among  cheese-makers  we  find  quite  a 
variation  in  respect  to  the  loss  of  moisture  experienced  by  them 
in  curing  cheese.  One  of  the  most  complete  records,  covering 
an  entire  season,  furnished  by  a  cheese-maker  and  factory 
owner  who  has  better  than  average  conditions  for  curing  rooms, 
makes  the  average  loss  of  weight  during  thirty  days  amount  to 
about  five  pounds  per  hundred  pounds  of  cheese.  Others  report 
an  average  loss  for  the  first  thirty  days  as  high  as  ten  pounds 
per  hundred  pounds  of  cheese.  The  average  loss  lies  somewhere 
between  these  two  extremes  and  would  probably  not  be  far  from 
seven  pounds  per  hundred  pounds  of  cheese. 
U 
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An  examination  of  Table  II  shows  that  the  loss  of  moisture 
can  be  reduced  to  four  pounds  per  hundred  pounds  of  cheese. 
Using  this  figure  as  a  basis  for  calculation,  we  find  that,  for 
every  hundred  pounds  of  cheese,  from  one  to  six  pounds,  with 
an  average  of  three  pounds  of  water  could  be  saved  to  sell  at 
cheese  prices.  This  would  mean  an  increase  of  8  to  48  cents, 
with  an  average  of  30  cents,  received  for  every  hundred  pounds 
of  cheese.  This  would  mean  an  average  saving  of  three  hundred 
dollars  a  season  for  a  factory  with  a  total  season's  output  of 
one  hundred  thousand  pounds  of  cheese.  One  cheese-maker 
reports  that  he  calculated  one  season's  loss  from  shrinkage  and 
found  it  over  six  hundred  dollars.  While  such  losses  may  not 
be  regarded  as  large  in  comparison  with  the  total  receipts,  they 
constitute  a  noticeable  x>ercentage  when  viewed  as  a  decrease 
of  profits,  and  are  well  worth  saving. 

MOISTURE  IN  OHEBSB  IN  RELATION  TO  OOMMBROIAL  QUALITY. 

We  have  just  called  attention  to  increased  receipts  coming 
from  cheese,  as  a  result  of  preventing  excessive  loss  of  moisture. 
Such  saving  of  moisture  not  only  increases  the  amount  of  cheese 
to  be  sold  but  also  increases  the  value  of  the  cheese  from  the 
standpoint  of  commercial  quality. 

In  Bulletin  No.  184,  of  this  Station,  Mr.  Qeo.  A.  Smith,  Dairy 
Expert,  has  presented  the  results  of  work  showing  the  influence 
of  temperature  upon  the  commercial  quality  of  cheese.  No 
attempt  is  there  made  to  analyze  the  results  and  point  out  the 
immediate  causes  affecting  quality,  and  attention  is,  therefore, 
called  to  the  subject  here. 

The  relations  existing  between  moisture  and  flavor  are  known 
only  in  a  very  general  way.  But  we  know  something  of  the 
general  relation  between  moisture  and  texture.  Excessive 
moisture  produces  undesirable  softness,  from  a  commercial 
standpoint,  and  at  ordinary  temperatures  favors  the  formation 
of  holes,  a  serious  faiilt  in  the  texture  of  Cheddar  cheese.  On 
the  other  hand,  deficient  moisture  favors  the  production  of  a 
crumbly,  dry,  mealy  texture,  which  is  an  undesirable  condition. 
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(Perfect  textore  is  25.) 

V(  iiturn  loet  by  IGO  Ibe. 
of  cheese. 

Lba, 

24.6 

8.5 

24.4 

0.0 

23.6 

0.2 

22.0 

10.2 

21.4 

10.7 

20.6 

13.1 
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High  temperatures  cause  excessive  loss  of  moisture  and  result 
in  the  production  of  crumbly  texture.  This  condition  injures 
the  commercial  quality  of  cheese  and  results  in  lower  prices  for 
such  cheese.  The  following  figures  represent  averages  taken 
from  data  given  on  page  202,  Bulletin  184,  showing  the  general 

relation  between  texture  and  loss  of  moisture. 

Table  VIII. — Effect  of  Teupebatube  of  Gubinq  ow  Tbxtubb  and  Mois- 

TUBE  of  Cheese. 

Tkmpbraturs  of  Cubiho-Room. 

55  degrees  F. 
GO  degrees  F. 
65  degrees  F. 
70  degrees  F, 
75  degrees  F. 
80  degrees  F. 

WHAT  PERCENTAGE  OF  MOISTURE  SHOULD  CHEESE  HAVE? 

Much  of  the  cheese  made  in  New  York  State  contains,  in  the 
fresh  state,  from  36  to  37.5  per  ct.  of  water.  The  home-trade 
cheese,  much  of  which  is  made  in  the  fall,  contains  38  to  40 
per  ct.  of  water.  For  the  average  consumer,  it  is  safe  to  say, 
the  amount  of  moisture  in  cheese  should  be  not  less  than 
between  33  and  35  per  ct.  at  the  time  of  consumption.  Taking 
everything  into  consideration,  it  is  reasonable  to  expect  better 
results  in  reference  to  quality  by  holding  a  moderate  amount 
of  moisture  in  the  green  cheese  and  so  curing  as  to  lose  only  a 
small  amount  of  water,  than  by  holding  an  excessive  amount 
of  moisture  in  the  green  cheese  and  so  curing  as  to  lose  a 
larger  amount  of  moisture.  Some  cheese-makers  expect  that 
they  must  lose  ten  pounds  of  weight  per  hundred  pounds  of 
cheese  in  curing,  and  they  attempt  to  meet  this  loss  by  retain- 
ing 40  per  ct.  or  more  of  moisture  in  the  cheese.  Such  a  prac- 
tice can  not  lead  to  good  results  from  any  point  of  view. 

A  fact  that  should  not  be  lost  sight  of  in  this  connection  is 
this:  Cheese  cured  at  such  low  temperatures  as  are  favorable 
to  diminishing  the  loss  of  moisture  can  carry  larger  amounts  of 
moisture  from  the  start  without  impairing  the  quality. 
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VALUB  OF  WATER  IN  OHEBSB  TO  OONSX7MBSS. 

In  the  first  place,  cheese  that  has  not  lost  too  much  of  its 
moisture  is  more  pleasing  to  the  taste  of  the  average  consumer. 
In  the  next  place,  the  more  completely  a  cheese  dries  out,  the 
harder  and  thicker  is  the  rind  and  the  greater  the  loss  to  the 
consumer.  Most  people  have  become  accustomed  to  such  a 
waste,  but  much  of  it  is  unnecessary.  In  a  carefully  cured 
cheese,  the  rind  is  comparatively  moist  and  only  a  very  thin 
portion  need  be  lost,  and  even  this  can  bemused  in  cooking. 

VARIATION  OF  LOSS  OF  MOISTURE  WITH  DIFFERENT  KINDS  OF 

OHEESE. 

It  has  been  pointed  out  that  cheeses  of  small  size  lose  more 
moisture  per  hundred  pounds  than  do  cheeses  of  larger  size. 
In  making  small  cheeses  like  "  Young  Americas  *'  the  proportion 
of  loss  is  much  greater,  and  hence  the  demand  is  still  more 
imperative  that  these  shall  be  cured  under  conditions  where  the 
loss  of  moisture  shall  be  greatly  reduced.  This  applies  also  to 
such  sizes  as  "  Flats  "  and  "  Twins."  It  is  not  surprising  that 
the  manufacture  of  small  cheeses  of  the  Cheddar  type  has  been 
discouraged.  Even  at  the  higher  prices  that  they  bring,  the 
extra  loss  of  moisture  and  additional  cost  of  manufacture  are 
not  satisfactorily  covered.  In  the  manufacture  of  small  fancy 
kinds  of  soft  cheese,  these  statements  do  not  apply,  because  an 
essential  part  of  the  equipment  consists  of  curing-cellars  of 
fairly  low  temperature  and  high  moisture  content 

LOSS  OF  MOISTURE  AND  LOSS  OF  FAT. 

High  temperatures,  which  favor  increased  loss  of  moisture, 
also  favor  loss  of  fat  by  exudation  from  the  surface  of  the 
cheese.  When  cheese  is  kept  at  a  constant  temperature  even  of 
70^  P.,  there  is  evidence  of  some,  though  small,  loss.  At  75°  F. 
the  loss  becomes  considerable  and  increasingly  large  with 
increase  of  temi)erature  above  75°  F, 
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V.    PREVENTION  OF   LOSS   OF  MOISTURE   IN   CURING 

CHEESE. 

From  the  data  previously  presented,  it  has  been  seen  that  loss 
of  weight  in  cheese  curing  is  due  to  lack  of  control  of  tempera- 
ture and  moisture  in  the  curing-room.  Three  methods  or  sys- 
tems have  been  proposed  for  the  purpose  of  controlling  these 
conditions  or  obviating  the  need  of  controlling  them: 

(1)  Immediate  sale  and  removal  of  green  cheese. 

(2)  Central  curing-rooms  for  the  use  of  several  factories, 

(3)  Special  curing-room  in  each  factory. 

IMMHDIATS  SALE  AND   REMOVAL  OF   GREEN   CHEESE. 

It  was  formerly  a  common  custom  to  keep  cheese  at  the 
factory  for  thirty  days  or  more  before  selling  it.  For  some 
time  there  has  been  a  tendency  to  dispose  of  cheese  at  more 
frequent  intervals,  sales  and  shipments  being  made,  in  some 
cases,  of  cheese  a  week  old.  There  appears  to  be  an  increasing 
desire  to  place  cheese  in  the  hands  of  buyers  just  as  soon  as  they 
were  willing  to  take  it.  Many  buyers  who  have  cold-storage 
facilities  prefer  to  remove  the  cheese  from  the  factory  before 
it  has  had  a  chance  to  deteriorate  under  the  adverse  conditions 
of  curing  commonly  present  in  factory  curing-rooms.  The  sys- 
tem of  removing  cheese  by  buyers  from  the  factory  when  less 
than  a  week  old  has  the  advantage  for  the  cheese-maker  of 
relieving  him  from  all  responsibility  in  relation  to  the  curing 
process.  There  is,  however,  under  such  a  plan  the  disadvantage 
of  turning  over  to  the  buyer  all  the  advantage  that  comes  from 
increase  of  value  as  a  result  of  good  curing.  With  proper 
curing  facilities,  the  cheese  could  be  retained  by  the  factory  and 
held  until  it  had  increased  very  materially  in  value  as  a  result 
of  curing  under  good  conditions.  When  cheese  is  sold  green, 
or  nearly  so,  the  opportunity  for  increased  profits,  due  to  proper 
curing,  is  wholly  lost. 

CENTRAL   CURING-ROOMS. 

Four  or  five  years  agq  Drs.  Babcock  and  Russell  made  the  sug- 
gestion  that   buildings,   centrally   located   with   reference   to 
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several  cheese  factories,  be  erected  especially  for  curing  pur- 
poses and  designed  to  take  care  of  the  product  of  the  several 
factories.  Such  a  system  has  several  advantages:  (1)  Enough 
money  could  be  easily  secured  to  build  and  equip  a  central 
curing-house  that  would  be  complete  in  its  details  and  thor- 
oughly efficient  for  controlling  temperature  and  moisture.  In 
fact,  ideal  conditions  could  be  assured.  No  single  factory  could 
afford  to  provide  itself  an  equally  effective  curing-room,  or 
would  be  likely  to  do  so.  The  cost  for  one  central  cheese-curing 
building,  distributed  among  several  factories,  would  be  no  more 
than  would  the  cost  of  providing  an  inefficient  curing-room  in 
each  individual  factory.  (2)  Cheese  stored  in  a  central  curing- 
house  could  receive  more  skillful  and  efficient  attention  than  it 
could  in  curing-rooms  located  in  each  factory.  (3)  The  cheese 
could  be  examined  more  economically  by  buyers,  being  collected 
in  large  quantities  in  a  central  curing-house.  The  buyer  would 
be   saved  the   necessity  of  visiting  each   factory  separately* 

(4)  The  maximum  saving  could  be  effected  in  decreasing  loss  of 
moisture  and  in  improving  quality  of  cheese.  Moreover,  the 
cheese  from  any  one  factory  or  any  number  of  factories  would 
be  more  uniform  in  character  when  cured  than  under  present 
conditions,  or  even  with  curing-rooms  in  individual  factories. 

(5)  Cheese  kept  under  ideal  conditions  during  the  curing  process 
can  be  held  subject  to  market  conditions  without  risk  of  injury 
in  respect  to  quality.  Under  the  conditions  commonly  prevail- 
ing, cheese  has  to  be  sold  to  avoid  the  injury  in  quality  that 
might  result  from  longer  holding  at  the  factory.  This  is 
especially  applicable  in  hot  weather,  a  time  when  prices  are 
likely  to  be  lowest.  Cheese  kept  in  proper  curing-rooms  can  be 
held  for  higher  prices  and  will  constantly  improve  in  quality  for 
quite  a  long  period  of  time. 

BPBOIAL  CURING-ROOM  IN  BACH  PACTORT. 

When  it  is  impossible  to  cooperate  with  other  factories  in  the 
construction  and  use  of  a  central  cheese-curing  building,  then  it 
is  desirable  that  one  shall  make  a  cheese-curing  room  in  the 
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factory,  even  though  the  results  secured  may  not  be  perfect. 
Some  attempt  to  control  temperature  and  moisture  in  curing 
cheese  will  give  better  results  than  are  possible  in  the  absence 
of  any  system,  a  condition  too  general  at  present  in  the  cheese 
factories  of  New  York. 

The  subject  of  a  special  curing-room  in  each  cheese  factory 
has  been  very  fully  discussed  in  Bulletin  No.  70  of  the  Wis  .'onsin 
Agricultural  Experiment  Station,  and  several  factories  in  that 
State  have  made  such  curing-rooms.  The  system  has  also  been 
studied  and  applied  in  Canada  by  Prof.  James  Robertson,  Com- 
missioner of  Agriculture  and  Dairying  for  the  Dominion. 

The  following  statements  are,  for  the  most  part,  condensed 
from  Prof.  F.  H.  King's  Wisconsin  Bulletin  No.  70.  The  cuts 
are  from  the  same  source. 

Curing-rooms  may  be  constructed  above  ground  or  under 
ground,  and  may  be  of  wood  or  masonry  or  a  combination.  Con- 
sidering moderate  cost,  convenience,  and  efficiency,  a  curing- 
room  built  of  wood  entirely  above  ground  is  the  most  practical 
for  the  average  factory. 

(1)  Location. — ^A  curing-room  above  ground  should  be  placed 
on  the  north  side  of  a  building  in  order  to  be  protected  as  much 
as  possible  from  the  direct  rays  of  the  sun.  It  is  advantageous 
also  if  the  room  can  be  shut  off  on  the  other  three  sides  by  hall- 
ways, stairways,  other  rooms  or  building  screens. 

(2)  Windows  in  a  curing-room  should  be  as  few  and  as  small 
as  consistent  with  the  amount  of  light  necessary.  They  should 
be  mado  doable,  as  nearly  air-tight  as  possible,  and  preferably 
in  one  section,  fitted  closely  and  permanently  in  place.  If  neces- 
sary to  exclude  direct  sunshine,  blinds  or  awnings  should  be 
placed  outside*  \  '  .  ^    ^ 

(3)  The  door  of  a  curing-room  should  be  built  to  resemble  that 
of  a  refrigerator.  .  ^    . 

(4)  Walls  should  be  built  like  those  of  cold-storage  and  ice- 
bouses.  The  studding  outside  should  be  covered  with  matched 
sheathing  and  drop  siding,  with  a  layer  of  three-ply  acid  and 
water-proof  paper  between.    The  paper  recommended  by  Prof. 


Digitized  by 


Google 


216  Kefobt  of  the  Chkmioal  Defabimbnt  of  ths 

King  is  manufactured  by  the  Standard  Paint  Co.,  New  York  and 
Chicago.  On  the  inside  a  layer  of  matched  sheathing  is  nailed 
to  the  studding,  then  strips  of  inch  furring  two  inches  wide,  to 
which  are  nailed  two  thicknesses  of  matched  sheathing  with 
paper  between.  The  outer  air  space  between  the  studding  is 
filled  with  sawdust  or  similar  material,  and  the  spaces  left  by 
the  furring  are  closed  air-tight  at  the  ceiling  and  floor.  (See 
Plate  VII.)    ' 

(5)  Ceiling  and  floor  should  also  consist  of  two  thicknesses  of 
matched  lumber  with  paper  between,  and  joints  made  at  corners 
should  be  very  tight. 

In  constructing  curing-rooms  two  things  should  be  kept  in 
mind:  First,  that  the  walls  should  be  as  nearly  air-tight  as  possi- 
ble in  order  to  keep  out  the  warmer  air  outside,  and,  second, 
that  the  walls  should  be  poor  conductors  of  heat.  It  is  advan- 
tageous to  cover  the  inside  walls  with  two  coats  of  shellac. 

(6)  Ventilating  fltie  in  ceiling. — It  is  desirable  to  provide  a  tight 
ventilating  flue  in  the  ceiling  of  the  curing-room,  'extending 
above  the  roof.  Its  diameter  may  be  six  or  eight  inches.  It 
should  be  provided  with  a  damper.    (See  Plate  VIII,  H,  I.) 

(7)  Methods  of  oontroUi/ng  temperature  and  moisture  m  cheese 
curing-rooms  placed  above  ground. — After  constructing  "a  proper 
curing-room,  it  is  essential  to  provide  arrangements  for  control- 
ling temperature  and  moisture.  The  construction  of  a  curing- 
room  is  only  a  partial  means  toward  this  end.  The  following 
methods  have  been  found  effective  in  keeping  the  temperature 
during  summer  between  58^  and  70°  F.  and  at  the  same  time 
modifying  the  moisture  content  of  the  air  favorably:  (a)  Ven- 
tilation by  air  forced  through  horizontal  sub-earth  ducts  or  deep 
vertical  sub-earth  ducts  and  wells,  (b)  Ventilating  over  ice. 
(c)  Evaporation  of  water. 

Plate  VIII  illustrates  the  construction  of  a  horizontal  sub- 
earth  duct,  which  should  be  12  feet  or  more  below  the  surface 
of  the  ground  and  100  feet  or  more  in  length.  It  is  recom- 
mended that  the  sub-earth  duct  consist  of  three  rows  of  10-inch 
drain  tile  laid  side  by  side  at  the  bottom  of  the  trench,  or  the 
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Plate  VII. — Showing  the  construction  of  wood  cnring-room:  1,  1,  1,  sill;  2,  2,  2,  a 
two-by-ten  spiked  to  ends  of  joist;  3,  3,  3^  a  two-by-four  spiked  down,  after 
first  layer  of  floor  is  laid,  to  toe-nail  studs  to;  4,  4,  4,  a  two-by-four  spiked  to 
upper  ends  of  studding  of  first  story.  A,  A,  A,  A,  three-ply  acid  and  water- 
proof paper.  The  drawing  In  the  center  shows  space  between  studding  filled 
.  with  sawdust  and  another  dead-air  space  to  be  used  when  the  best  ducts 
cannot  be  proyided.     (From  Wis.  Agr.  Exp.  Sta.  Bui.  70.) 
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Plate  IX. — Showing  how  funnel  and  vane  may  be  monnted.  A,  fnnnel;  B,  shaft 
of  fmmel;  G,  G,  G,  1-inch  gaa  pipe;  D,  D,  1^-inch  gas  pipe;  B,  cap  for  support 
of  1-inch  gas  pipe;  F,  G,  H  and  M  M  and  N  N  are  Rtays  of  band  Iron  bolted 
together  and  to  the  sides  of  the  shaft  to  support  the  axis  of  the  funnel;  J, 
weather  collar  to  turn  rain  out  of  shaft;  K,  L,  bnnd-lron  to  stifTen  vane  and 
attach  it  to  funnel.     (Prom  Wis.  Agr.  Exp.  Sta.  Bui.  70.) 


Digitized  by 


i>©s!e  iv 


Digitized  by 


Google 


^ 


0mM 


•.  : 


i 


Plate  X. — Showing  vertical  sub-earth  duct.  A,  brick  chamber  25  to  30  feet  below 
surface  and  40  Inches  Inside  diameter;  B,  tile  or  conductor  pipe  of  galvanized 
iron;  C,  main  shaft  of  funnel;  D,  brick  chamber  at  upper  end  of  duct.  The 
circle  and  section  represent  a  cast-iron  plate  to  cover  brick  chamber  A,  and 
can  be  had  of  King  &  Walker,  Madison,  Wis.  (From  Wis.  Agr.  Exp.  Sta. 
Bui.  70.) 
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Plate  XI. — Showing  vertical  section  of  factory  and  sub-earth  duct  In  well.  A,  A, 
funnel  taking  air  Into  well;  B,  B,  dnct  leading  air  from  wall  to  curing  room,  G; 
D,  ventilator.     (From  Wis.  Agr.  Exp.  Sta.  Bui.  70.) 
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Plate  XII. — Showing  method  of  cooling  air  with  cold  water.  A»  curing  room;  B, 
duct  leading  Into  curing  room;  C,  E,  galvanized  iron  drums,  air  and  water 
tight;  F,  thirteen  or  more  5-lnch  flues  of  galvanized  iron,  10  ft.  long,  soldered 
water  tight  to  drums  to  cool  air;  D,  main  air  duct  from  funnel;  O,  water  pipes 
from  pump;  H,  overflow  pipe;  1,  damper  in  main  shaft;  J,  4-lnch  pipe  leading 
from  blower  to  use  when  there  is  no  wind;  K,  smokestack  of  boiler;  L,  venti- 
lator from  curing  room  to  smokestack;  N,  boiler,  (l^'rom  Wis.  Agr.  Exp.  Sta. 
Bui.  70) 
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trench  may  be  dug  narrower  and  one  or  two  feet  deeper  and  the 
tile  placed  one  above  the  other.  The  shaft  for  carrying  the 
funnel  must  be  made  tight;  it  may  be  12  inches  square,  if  made 
of  plank,  or  12  inches  in  diameter,  if  made  of  galvanized  iron. 
The  height  should  be  sufficient  to  enable  the  funnel  to  catch  the 
wind  readily.  The  construction  and  mounting  of  the  funnel  are 
illustrated  in  Plate  IX.  The  extreme  diameter  of  the  funnel 
should  be  about  36  inches. 

The  inlet  from  the  sub-earth  duct  into  the  curing-roona  must 
be  provided  with  some  arrangement  of  valves  that  will  permit 
the  air  to  be  shut  off  wholly  or  partly.  Too  rapid  entrance  of 
air  in  warm  weather  will  not  permit  enough  cooling  during  pas- 
sage through  the  duct.  In  case  of  dry  winds,  too  rapid  entrance 
would  reduce  the  moisture  too  much. 

In  Plate  X  there  is  illustrated  a  deep  vertical  sub-earth  duct. 
Such  a  duct  has  the  advantage  of  requiring  less  piping  and  also 
less  wind  will  suffice  to  produce  a  current  of  air.  The  vertical 
duct  should  have  a  depth  of  not  less  than  twenty-five  or  thirty 
feet,  provided  water  is  far  enough  from  the  surface.  Thirteen 
lines  of  6-inch  drain  or  5-inch  galvanized  iron  conductor  pipe 
may  be  used  and  placed  as  in  the  cut.  The  duct  should  be 
located  near  the  north  end  of  the  curing-room  or  directly 
beneath  it.  A  hanging  platform  can  be  used  in  placing  the 
pipes  or  tubes  in  position  and  the  earth  packed  carefully  around 
the  pipes.  An  excavation  of  proper  size,  made  as  for  an 
ordinary  well,  will  answer  the  purpose.  After  the  duct  has 
been  placed  in  position  the  earth  that  has  been  removed  can  be 
used  for  filling  around  the  duct. 

In  Plate  XI  there  is  represented  a  duct  connected  with  a  well 
of  water.  In  the  particular  instance  illustrated,  the  well  is  64 
feet  deep;  the  intake  pipe  is  10  inches  in  diameter,  rising  just 
barely  above  the  roof  of  the  factory,  entering  the  well,  as  shown 
at  A,  two  feet  below  the  surface  of  the  ground  and  then  descend- 
ing inside  the  well  a  distance  of  8  feet.  Another  10-inch  gal- 
vanized iron  pipe  starts  40  feet  below  the  surface  of  the  ground 
and  rises  to  within  6  feet  of  it,  when  it  turns  and  passes  hori- 
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zontally  until  it  comes  under  the  curing-room  which  it  enters 
directly,  as  shown  at  B  B  B  C.  The  top  of  the  well  is  tightly 
closed.  .    '       '    ' 

In  Plate  XII  the  cut  illustrates  the  cooling  of  air  in  a  curing- 
room  by  forcing  the  air  through  cold  water.  When  the  ground 
water  is  within  12  or  15  feet  of  the  surface,  then  a  cistern  5  or  6 
feet  in  diameter,  shaped  like  a  well,  may  be  built,  plastering  with 
cement  as  in  the  case  of  ordinary  cisterns.  In  this  cistern  can 
be  placed  an  air  duct  made  of  galvanized  iron  as  given  in  Plate 
XII.  The  duct  should  be  water-tight.  By  connecting  the 
cistern  with  the  well,  fresh  water  may  be  added  from  time  to 
time  as  may  be  found  necessary  to  keep  water  sufficiently  cool 
to  be  effective. 

In  Canada,  considerable  work  has  been  done  in  using  ice  in 
curing  rooms  to  control  temperature.  Where  ice  can  be 
obtained  conveniently  and  cheaply,  this  method  may  be  advant- 
ageously utilized.  One  or  more  ice  boxes  are  placed  in  the 
curing-room,  so  built  that  air  can  circulate  about  the  ice  and 
into  the  curing-room.  Also  compartments,  filled  with  ice,  may 
be  made  adjoining  the  curing-room  on  the  side  or  above,  pro- 
vided with  openings  into  the  curing-room  which  will  allow  a  flow 
of  air  over  the  ice  and  into  the  curing-room. 

Where  special  means  are  needed  to  secure  moisture,  this  can 
be  effectively  done  by  means  of  yard-wide  strips  of  any  cloth 
material  that  has  good  capillary  power.  The  pieces  of  cloth 
are  hung  about  the  room  and  kept  more  or  less  saturated  with 
water.  Experience  will  tell  how  much  evaporating  surface  is 
needed  to  provide  the  degree  of  moisture  needed. 
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INFLUENCE  OF  MANURE  UPON  SUGAR 
BEETS* 


W.  H.  JORDAN  AND  G.  W.  CHURCHILL. 

SUMMARY. 

(1)  These  experiments  were  undertaken  to  test  the  accuracy 
of  the  statement  that  sugar  beets  are  of  an  inferior  quality  when 
grown  on  land  to  which  stable  manure  is  applied  in  the  spring. 

(2)  The  experiments  have  been  conducted  during  four  consecu- 
tive years,  mostly  on  the  Station  farm.  Comparisons  have  been 
made  of  the  quality  of  beets  not  manured,  those  grown  with 
commercial  fertilizer,  mostly  1,000  lbs  per  acre,  and  those  grown 
on  land  receiving  in  the  spring,  before  planting  the  beets,  from 
40,000  lbs.  to  80,000  lbs.  stable  manure  per  acre.  Beets  from  at 
least  six  varieties  of  seed  were  grown  during  the  four  years. 

(3)  The  results  are  almost  unanimous  in  one  direction.  The 
beets  have  been  of  high  quality  with  all  three  methods  of  treat- 
ment, averaging  somewhat  better  with  the  farm  manure  than 
with  no  manure  or  with  commercial  fertilizers, 

INTRODUCTION.  ^ 

The  value  of  a  given  lot  of  sugar  beets  for  sugar-making  pur- 
poses depends  chiefly  upon  two  factors,  viz.:  the  percentage  of 
saccharose  in  the  beets  and  the  percentage  and  character  of 
the  soluble  compounds  accompanying  the  sugar.  In  general  a 
beet  is  valuable  in  proportion  to  its  content  of  crystallizable 
sugar,  but  if  this  is  attended  by  too  large  an  amount  of  certain 
soluble  non-sugars,  the  effect  is  to  prevent  the  crystallization  of 
some  of  the  saccharose  which  under  better  conditions  would  be 
secured  in  the  manufactured  product. 
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The  relation  of  crystallizable  sugar  to  the  total  solids  in 
solution  in  the  juice  of  beets  is  known  as  the  coeflScient  of 
purity. 

It  is  generally  taught  that  the  percentage  of  sugar  in  beets 
and  also  the  coefficient  of  purity  are  materially  influenced  by 
the  kind  and  amount  of  fertilizing  material  which  is  used  in 
growing  the  crop.  Growers  are  especially  cautioned  against 
planting  beets  on  land  freshly  fertilized  with  stable  manure  and 
against  heavy  nitrogenous  manuring  with  chemicals.  It  is 
stated  that  past  experience  has  shown  that  beets  raised  where 
a  genetous  application  of  farm  manure  is  made  in  the  spring 
are  inferior  for  manufacturing  purposes,  and  it  is  suggested 
that  while  a  large  application  of  nitrate  of  soda  may  not  cause 
a  diminution  of  the  sugar  content  it  may  so  lower  the  coefficient 
of  purity  as  to  lessen  materially  the  proportion  of  available 
sugar. 

In  1898  experiments  conducted  by  this  Station  in  growing 
beets  with  the  use  of  farm  manures  and  with  commercial  fertil- 
izers in  varying  quantities  gave  results  in  apparent  conflict  with 
prevailing  views.^  These  results  have  led  to  the  continuation, 
during  the  past  three  years,  of  experiments  of  a  similar  char- 
acter, the  outcome  of  which  is  presented  in  this  bulletin. 

THE  EXPERIMENTS. 

GBN^RAL  PLAN  AND  GONDITIONS. 

The  experiments  were  planned  with  reference  to  comparing 
the  composition  of  beets  grown  with  commercial  fertilizers  and 
those  grown  with  stable  manure  applied  in  the  spring  just  before 
planting.  Check  plats  have  also  been  used  in  order  to  ascertain 
how  the  beets  would  grow  without  the  application  of  any 
manure  whatever.  All  the  experiments  have  been  conducted 
on  the  Station  farm,  excepting  in  the  year  1898,  when  one  set 
was  carried  out  on  the  farm  of  F.  E.  Dawley,  Fayetteville. 

Excepting   the   year    1899,    when   texture   conditions    were 
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unfavorable  on  some  of  the  plats,  owing  to  a  lack  of  rain  at  the 
time  of  germination  of  the  seed,  the  beets  were  successfully 
grown,  both  as  to  quantity  and  as  to  the  type  and  healthfnlneas 
of  the  plants. 

The  temperature  and  rainfall  as  shown  by  records  kept  at  the 
Station  are  of  interest  in  this  connection. 


r 

TaBLB  l.'^TXMPKBLLnjBX  AT  QBITXTA. 

ina.  1891. 

Month.  Kax.         Kin.        at.  Max.  Hln.        ▲▼. 

Deg.       D00.  I>99.  Deo.  Deg.  Deg. 

April   52.7    83.6  43.2  66.8  36.3  46.e 

May 65.5    47.4  57  68.7  46.4  57.6 

June 78.2    57.2  67.7  82.3  66.6  69.5 

July 86.5    61.8  74.2  82.9  59.5  71.2 

August  80.6    61.4  71  83.9  59.2  71.6 

September 77.1    54.7  65.9  71.1  50  60.6 

October 61.4    42.8  62.1  63.8  42.9  53.4 

1900.  190L 

Konth.  Max.        Hln.        A^.  '"wax.      Ulo!       I^ 

J>eo.       Dtg,       Dtg.  Dtg.  Deg,  Deg. 

April 52.7    34.2  43.5  56  37.1  46.5 

May 68.5    44.9  56.7  67  46.8  56.9 

June 81.4    55.4  68.4  80.5  57.4  68.9 

July 83.2    62  72.6  88.2  65.1  76.6 

August  85        63.1  74.1  80.9  61.1  71 

September 78.9    53.3  66.1  75  53  64 

October 68.4    47.4  67.9  62.1  47  61.4 


Tabus  II. — Pbscipitation  at  Genxta* 

Month.  l^Vft.  1809.  1000.  1001. 

ill.  In,  In.              In, 

March   1.54  1.22  .02  2.19 

April   2.03  1.12  .05  4.43 

May 1.90  1.60  1.71  3.80 

June    2.39  1.71  1.45  2.07 

July  1.32  4.15  6.53'  3.97 

August   3.60  1.05  1.75  5.62 

September  1.86  2.23  .01  2.46 

October 3.83  2,69  3.ft5  1.35 

Totals  eight  months 18.47  15.86  16.97  25.89 

Total    for    May,    June,    July    and 

August   9.21  8.60  11.44  15.46 

15 
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Attention  is  called  to  the  great  variations  in  the  rainfall 
during  the  four  months  most  important  in  the  life  of  the  plants. 
In  1899  there  was  a  deficiency  in  available  water  but  not  in 
1901. 

The  soil  of  the  Station  farm  is  a  strong  clay  loam,  well 
adapted  to  general  farming  and  capable  of  producing  large 
crops  when  well  handled. 

The  plats  used  in  the  beet  experiments  could  not  be  regarded 
as  especially  deficient  in  fertility,  and  would  not  respond  to  the 
application  of  manures  as  would  poorer  land. 

The  methods  used  in  the  cultivation  of  the  crop  were  those 
approved  by  past  practice  and  no  detailed  statement  concerning 
them  is  necessary  in  this  connection. 

THE  MANtJRB. 

The  stable  manure  used  was  a  mixture  of  that  coming  from 
the  cow  and  horse  stables  of  the  Station,  sufficiently  composted 
and  mixed  to  render  it  fine  and  of  uniform  composition.  The 
manure  actually  applied  to  the  beet  soil  was  analyzed  only  one 
year,  1901.  Manure  from  the  same  general  source  and  used  in 
another  experiment  was  analyzed  in  1897, 1898  and  1899.  From 
the  data  thus  secured  it  is  possible  to  know  approximately  the 
amounts  of  plant  food  supplied  to  the  crops  from  this  source. 

Table  III. — Composition  of  Manure  Made  in  the  Station  Stables. 


1897... 

Year. 

Water. 

ParcL 

...     73.9 

Nitrogen. 
Peret. 
.389 
.363 
.529 
.445 

PhoAphorlo 
acid. 

Peret. 

.360 

.241 

.576 

.382 

Potash. 
Perct. 
.342 
.593 
.851 
.738 

Used  on  corn. 

1808. .. 

...     76.1 

Used  on  corn. 

1899  .. 

...     74.3 

Used  on  wheat. 

1901... 

...     78.3 

Used  on  beets. 

In  1901  the  manure  was  applied  at  the  rate  of  80,000  lbs.  per 
acre,  in  all  other  years  at  the  rate  of  40,000  lbs. 

The  commercial  fertilizer  mixture  was  essentially  the  same 
throughout.  Its  ingredients  and  approximate  composition  are 
given  in  Table  IV, 
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Table  IV. — Febtilizeb  Mixtubei  Used  on  Suoab  Beets. 

Concainlng  approximately— 

«"  ■                  '■    '    *  '           '^ 
In                              Pbos- 

one        Mltro-          phorlo  Pot- 

ICatarlaL                                        ton.         gen.             acid.  aati. 

n>9.          Lb».             JJft.  Ltw. 

Acid  phosphate •••••••••••  900    12G    

Sulphate  of  potash ..•          300    150 

Dried  blood 400  40  8     

Nitrate  of  soda ••...  400  60 

Total  2000          100          134  150 

In  1000  lbs.  of  the  mixture 50           67  75 

In  percentages •    ••••••            6         6.7  7.5 


BXPERIMENTS  OF  1898.^ 

These  were  carried  on  both  on  the  Station  farm  and  on  the 
farm  of  P.  E.  Dawley,  Fayetteville,  N.  Y.  The  plats  were  1-12 
acre  at  the  Station  and  at  Mr.  Dawley's  1-16  acre.  In  the 
tables  which  follow  the  yields  are  given  for  one  acre. 

Table  V. — Coi^uebcial  Febtilizebs  on  Suoab  Beets,  1898. 


Amount  of 
tertlllcer  used. 

Yield  of 
trimmed  and 
wasbed  beets 

per  acre. 

Sugar 
in  beets.* 

Coefficient 
of  purity 
of  juice. 

Average 
weight  of 

beets 
analyzed. 

Place  of 
experiment. 

Lbt. 

Lb8. 

Pigret. 

0Z8. 

0 

20,425 

15.2 

85.2 

16% 

Station. 

500 

21,375 

15.6 

85.7 

16% 

Station. 

500 

27,140 

14.5 

86.0 

15 

Station. 

1000 

26,928 

14.4 

83.6 

20 

Station. 

1000 

26,250 

14.7 

85.4 

16 

Station. 

1500 

23,822 

14.3 

84.5 

17 

Station. 

1500 

27,920 

14.9 

85.8 

15% 

Station. 

2000 

22,073 

15.0 

85.6 

i6yj 

Station. 

2000 

27,875 

17.0 

87.1 

13% 

Station. 

0 

18.585 

15.4 

81.6 

12% 

Fayetteville. 

0 

17,740 

17.2 

85.0 

9 

Fayetteville. 

500 

23,373 

15.2 

77.1 

14% 

Fayetteville. 

500 

24,075 

14.3 

79.8 

16% 

Fayetteville. 

1000 

24,220 

14.5 

78.3 

13% 

Fayetteville. 

1000 

24,220 

15.9 

81.3 

10 

Fayetteville. 

1500 

26,890 

15.3 

80.1 

18% 

Fayetteville. 

1500 

26,330 

15.2 

79.7 

13% 

Fayetteville. 

» Reported  in  Bulletin  No.  155. 

'The  percentages  of  sugar  in  the  beets  as  given  in  the  bulletins  are 
the  results  of  actual  determinations  on  the  basis  of  a  weighed  quantity 
of  beet  and  are  not  calculated  from  the  sugar  in  the  juice. 
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Table  VI. — ^Summaby  Showing  Effect  of  Febtilizebs  on  Yikld  of  Sugab 

Beets  in  1S08. 


FertlUaer 

used 
per  acre. 

Number 

of  experl- 

meuts. 

Yield  per  •on. 

Lowest. 

Highest                  Areragew 

Increased 
average. 

Lb9. 

Lb». 

IJ>».                        Ub8, 

Utf. 

0 

8 

17,740 

20,425                19. 2W 

500 

4 

21,875 

27,140                23,990 

4,696 

1000 

4 

^,220 

26,928                25,405 

6.111 

1500 

4 

23.822 

27,920                26.240 

6,946 

2000 

2 

22.073 

27.875               24,974 

6.680 

Table  VII. — Summaby  Showing  Effect  of  Pebtilizebb  Upon  Pebcent* 
AGE  OF  Sugab  in  Beets  in  1898. 

Amount  of  sugar  In  beets. 


Fertiliser  used 
per  acre. 

Number  of 
experiments. 

Lowest. 

Highest 

Arerase. 

Uf. 

PercL 

Ptercf. 

Peret. 

0 

8 

15.2 

17.2 

15.9 

600 

4 

14.3 

15.6 

14.9 

1000 

4 

14.4 

15.9 

14.9 

1500 

4 

14.3 

15.3 

14.9 

2000 

2 

15.0 

17.0 

16.0 

Table  VIII. — Sumkaby  Showing  Effect  of  Febtilizebs  Upon  Coeffi- 
cient OF  PuBiTY  OF  Sugab  Beets  in  1898. 


irdllz^r  nsed 

Number  of 
experiments. 

Coefficient  of  puritj. 

iruiiBcr  U9WI 

per  acre. 

Lowest 

Highest 

Average. 

Lbs. 

0 

8 

81.6 

85.2 

83.9 

500 

4 

77.1 

86.0 

82.1 

1000 

4 

78.3 

85.4 

82.1 

1500 

4 

79.7 

85.8 

82.5 

2000  2  85.6  87.1  86.3 
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Table  IX. 

— Results  o» 

Applyiko  Stablb  Makxtee  m  Gi 

SOWING    SUGAB 

Beets,  1888. 

AmoQiil 
of  stable 
manure 
applied 
per  aore. 

TIeld  of 

trimmed 

and  washed 

bevts. 

Sugar  In 
beets. 

Coefficient 
or  purltj 
of  juice. 

Average 
weight 
of  beets 

DUtance 

between 

beets 

Id  row. 

Place  of 
experiment. 

Lbf. 

Peret, 

Oz$. 

In. 

0 

20,425 
25,3(50 

15.2 

18.5 

85.2 

85.2 

12 

8 
6 

Station. 

20  tons... 

station. 

20  tons... 

29,340 

17.2 

86.2 

13 

8 

Station. 

20  tons... 

28,690 

16.4 

86.7 

15 

10 

Station. 

20  tons... 

27,100 

15.7 

85.2 

11 

6 

Station. 

20  tons... 

28,354 

16.2 

85.7 

12% 

8 

Station. 

20  tons.... 

28,630 

17.2 

87.4 

13 

10 

Station. 

20  tons... 

29,656 

17.8 

86.4 

11 

6 

Station. 

20  tons... 

29,533 

17.9 

87.7 

14 

8 

Station. 

20  tons... 

31,944 

17.7 

87.8 

12 

10 

Station. 

0 

16,050 

14.4 

77.8 

13% 

8 

Fayetteville. 

0 

18,022 

15.5 

82.0 

16 

8 

Fayetteville. 

20  tons..., 

23,514 

18.2 

81.3 

8% 

8 

Fayetteville. 

20  tons 

25,625 

15.7 

78.8 

11% 

8 

Fayetteville. 

20  tons.... 

24, 780 

13.1 

78.0 

14% 

8 

Fayetteville. 

20  tons.... 

25,485 

14.3 

79.0 

11% 

8 

Fayetteville. 

20  tons..., 

27,034 

15.2 

80.3 

15% 

8 

Fayetteville. 

20  tons.... 

26,750 

17.9 

87.5 

12% 

8 

Fayetteville. 

Table  X. — Suhmaby  Showing  Effect  of  Stable  Manube  on  Yield  of 

SuGAB  Beets,  1898. 

Yield  per  acre. 


Amount  of 
stable  manure 
used  per  aore. 

Number  of 
experiments. 

Lowest. 

Highest. 

Average. 

Increafted 
average. 

Lba, 

IA>a. 

Lba. 

Lba. 

0     

3 

16,050 
23,514 

20,425 
31,944 

18,730 
27,450 

20  tons 

15 

8,720 

Table  XI. — Summaby  Showing  Effect  of  Stable  Manube  on  Pebcent- 

AGE  OF  SUGAB  IN  SUGAB  BEETS,  1898. 


Amount  of  sugar  in  beets. . 


Amount  of  stable  m inure  used  per  acre. 


0 

20  tons. 


Number  of 
experiments. 

Lowest. 

Highest. 

Average. 

Perot. 

Perot. 

Perct. 

3 

14.4 

15.5 

15.1 

15 

13.1 

18.5 

16.6 

Table  XII. — Sumhaby  Showing  Effect  of  Stable  Manube  Upon  Co- 
efficient OF  Pubity  of  Sugab  Beets,  1898. 

Coefficient  of  purity. 
Amount  of  stable  manure  used  per  acre.  Lowest.  Highest.         AversKe? 

0. 77.8  85.2  82.6 

20  tons 78.0  87.8  84.2 


Digitized  by 


Google 


2;J0  Report  on  Ceop  Pkoduction  of  thb 

EXPERIMENT  OP  18f)9. 

This  was  similar  in  plan  to  those  of  1898  and  was  conducted 
on  the  Station  farm.  As  before  stated,  the  crop  was  a  failure 
on  part  of  the  plats,  owing  to  a  failure  of  the  seed  to  germinate. 
Only  on  the  check  plat  and  on  the  plats  to  which  farm  manure 
was  applied  was  there  a  uniform  stand  of  plants.  Because  of 
lack  of  rain  at  critical  times  the  crop  was  reduced  below  the 
normal.  The  seed  was  sown  June  1  and  the  crop  was  harvested 
November  22.  The  plats  were  1-36  acre  in  area.  Ta  avoid 
error,  20  beets  from  each  plat  were  analyzed. 

Table  XIII. — Sugar  Beets  Grown  with  Stable  Manure,  1899. 

Y!#»ld 
trimmed 
Plat      Stable  manure  applied  beeu 

Ko.  per  acre.  per  acre. 

Lb9. 

11  0 15,840 

12  20  tons 25,200 

13  20  tons 23,400 

14  20  tons 21,900 

15  20  tons 22,320 

16  20  tons 22,320 

17  20  tons 21,020 

18  20  tons 23,940 

19  20  tons 21.800 

20  20  tons 22,680 

Table  XIV. — Suicmaby  Showing  Effect  op  Stable  Manubs  on  the 
Yield  and  Composition  of  Suqab  Beets,  1899. 

Yield 
beets 
Xaaarlng  per  acre.  per  acreu 

Lb9. 

0 15,840 

Stable  manure,  20  tons 23, 820 

Stable  manure,  20  tons 22,507 

Stable  manure,  20  tons 21 ,  887 

General  average  for  manure  plats 

BXPBnilMBNT  OP  1900.      . 

In  the  experiment  of  this  year  three  varieties  of  beets  were 
grown,  the  seed  of  which  was  supplied  by  the  U.  S.  Department 
of  Agriculture.  Each  variety  was  planted  in  triplicate  plats 
with  commercial  fertilizers  and  the  same  with  stable  manure. 


Sagar 

Jn 
beets. 

Coefllclent 

of 

purity. 

Average 
beeta. 

DUtonoe 
apart 

of 
beeta. 

Purot. 

Arct 

On. 

In. 

14.8 

84.2 

10 

, , 

14.9 

83.9 

8 

6 

15.7 

85.9 

8.7 

8 

15.1 

85.7 

10.4 

10 

15.4 

83.3 

8.7 

6 

15.5 

84.6 

9.5 

8 

16 

86 

11.2 

10 

15.8 

86.9 

7.7 

6 

16.3 

88.1 

10.3 

8 

15.8 

90.2 

11.7 

10 

Sugar 

Coef. 

DisUnoe 

in 
beets. 

of 
purity. 

'e^* 

PtroL 

Plirof. 

Jn. 

14.8 

84.2 

•  • 

15.4 

84.7 

6 

15.8 

86.2 

8 

15.6 

87.3 

10 

15.6 

86.1 

•  • 
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The  time  of  planting  was  Jnne  4  and  of  harvesting  Nov.  23.    The 
dimensions  of  the  plats  were  165x6J  feet.    Twenty  beets  from 
oach  plat  were  analyzed. 
The  results  appear  in  Tables  XV  and  XVI. 

Table  XV. — Results  fbom  Manuring  Sugar  Beets,  1900. 


No. 

Plat. 


7 
8 
9 

10 
11 
12 


Variety  of  beeti. 

Plats      with      Commercial 

Fertilizer,  1000  Lbs.  per 

Acre: 
Vilmorins  Improved  White. . 
White  Queen  of  the  North.. 
Austrian    Special    Klein%van« 

zlebener  

Vilmorins  Improved  White.. 
White  Queen  of  the  North. . 
Austrian    Special    Kleinwan- 

zlebener  

Plats  with  Farm  Manure, 
40,000  Lbs.  per  Acre: 

Vilmorins  Improved  White. . 

White  Queen  of  the  North.. 

Austrian  Special  Klelnwan- 
zlebener  

Vilmorins  Improved  White.. 

White  Queen  of  the  North.. 

Austrian  Special  Kleinwan- 
zlebener 


Yield 
trlraiiied 

beets 
per  acre. 

Sugar 

in 
beets. 

SuRar 

in 
Juice. 

Coef- 
ficient 

of 
purity. 

Averaco 

weight 

of  beeU 

analysed. 

Lb». 

Fmrot, 

PwcL 

Om. 

42,568 

15.9 

83.6 

19 

39,629 

.  • « • « 

16. 1 

84.8 

20 

38,822 



14.6 

81.6 

18 

40,051 

13.4 

15.8 

83 

18 

35,635 

14.9 

16.6 

84 

18 

37,171 

14.2 

15 

84.4 

17% 

41,395 

le.i 

83.7 

21 

38,077 

17.6 

85.2 

19 

40,550 

15.7 

84.3 

19 

43,908 

15.5 

16.8 

86.2 

18 

38,784 

15.4 

17.6 

83.9 

19 

44,851 

14.7 

16.1 

85 

20 

Table  XVI. — Summary  Showing  Effect  of  Manure  Upon  the  Yield  and 
Composition  op  Sugar  Bests  (by  Varieties),  1900. 

Yield  Sugar  Sugar  Coeffl- 

per  lu                 In  elentof 

Varieties  and  mannrea.                              acre.  beet.  juice.  purity. 

Commercial  Febtiuzbr,  1000  Lbs.  per 
Acre: 

Vilmorins  Improved  White 41,310  13.4  15.8  83.3 

White  Queen  of  the  North 37,632  14.9  16.3  84.4 

Austrian  Special  Klein wanzlebener 37,996  14.2  14.8  83 

Stable  Manure,  40,000  Lbs.  per  Acre: 

Vilmorins  Improved  White 42, 681  16.5  16.4  85 

White  Queen  of  the  North 39,430  15.4  17.5  84.5 

Austrian  Special  Kleinwanzlebener 42,700  14.7  15.9  84.6 

General  Summary: 

Beets  with  commercial  fertilizers 88,979  14.2  15.6  as.e 

Beets  with  stable  manure 41,604  15.2  16.6  81.7 
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experiment  of  1901, 

The  seed  of  the  two  varieties  of  beets  came  from  the  TJ.  S. 
Department  of  Agriculture.  Each  variety  was  planted  in  dupli- 
cate on  both  commercial  fertilizer  and  farm  manure  plats 

Table  XVII.— -Results  of  Manubino  Suqab  Beets,  1901, 

Coef. 

Yield  flelents 

of  of  At. 

B,  ^                                                                                    beets  Sugar  Sugar  purity  weight 

™t                        ^    .                                                            per  m  in  of        beett 

«<>•                        Variety  and  treatment.                          acre.  beeU.  Juice,  juice,  au'lyi'd 

Um,  Ptrot.  AroC  Oz». 

Dep't   No.   6359,    Meyers   Friedb- 
bickswerter: 

1  80,000  lbs.  stable  manure  per  acre.     40,710    13.2    14.9    78.1    13.7 

2  1000  lbs.  commercial  fertilizer 36,660    12.3    16.5    83.7    14.2 

8    No  manure 25,226    13.1    17.1    82.9    13. » 

Dep't  No.  5772,  Dippes  German: 

4  80,000  lbs.  stable  manure  per  acre.     33.570    13.4    18. G    80        13.1 

5  1000  lbs.  commercial  fertilizer 28,190    15.6    20.7    87.7    12 

Tai^  XVIII. — Summary  Showing  Effect  of  Manures  upon  Yield  and 
Composition  of  Suoar  Beets,  1901. 

Yield  Sugar  Sugar  Coef- 

ofb(>ett              In  In  flcl^ntof 

per  acre.          beetf.  Juice.  purity. 

Lbn.  Per  et,  Fisr  eU 

No  manure 35,226        13.1        17.1        82.9 

1000  lbs.  commercial  fertilizer 32, 425        13 . 9        18 . 6        85 . 7 

80,000  lbs.  stable  manure 37, 140        18.3        16.7        79 

In  this  experiment  the  commercial  fertilizer  used  was  similar 
to  that  applied  in  former  years,  both  in  kind  and  quantity,  but 
the  stable  manure  was  increased  from  40,000  to  80,000  lbs.  per 
acre.  This  was  an  excessive  application  of  an  animal  manure, 
twice  as  much  as  what  most  farmers  would  consider  a  libera) 
quantity.  Fifty  beets  from  each  plat  were  analyzed.  Tables 
XVII  and  XVIII  show  results, 

DISCUSSION  OF  RESULTS, 

These  experiments,  which  have  been  carried  through  four 
years,  have  included  the  growing  of  beets  from  high  grade  seed 
from  various  sources,  at  least  six  different  varieties  (names) 
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boinfi:  present.  The  main  question  at  issue  in  this  work  has 
been  the  effect  of  commercial  fertilizers  and  stable  manure  upon 
the  manufacturing  yalue  of  the  beets,  with  especial  reference 
to  the  possibility  of  depressing  the  quality  of  beets  by  growing 
them  on  land  to  which  stable  manure  has  been  freshly  applied. 
A  determination  of  the  percentages  of  sugar  and  of  the 
coefficients  of  purity  has  been  the  means  of  judging  of  the 
quality  of  the  beets  grown.  No  determination  has  been  made 
of  the  character  of  the  non-sugars  present  in  the  juice.  If  beets 
may  be  standardized  as  to  quality  by  the  proportion  of  sugar 
in  them,  together  with  the  coeflScient  of  purity,  then  the  conclu- 
sions to  be  drawn  from  the  data  herewith  presented  are  plainly 
indicated.  Attention  is  directed  to  the  figures  of  the  preceding 
tables  but  more  especially  to  the  general  summary  in  Table 
XIX. 

Table  XIX. — General  SumrART  or  Restjlts  Showing  the  Influence  of 
Manure  Upon  the  Quality  of  Sugar  Beets,  1898-1901. 


Ko  manareu 

stable  maoare. 

Tear  growB. 

beeU. 
JVrci, 

Sugar   Coef- 

la     fld^ntof 
juloe.  purity. 
Pigret, 

Sugar 

ID 

beets. 
Pigret. 

Sugar 

In 

juice. 

Perot, 

Coef- 
ficient of 
purity. 

Sugar 

In 
beets. 
Perct. 

sugar 

Juice. 
Pm-ct. 

Ooef- 
flclent  Of 
purity. 

1808,  Station. 

15.2 

....     85.2 

15 

.... 

85.4 

17.2 

•  ■  ■ . 

86.5 

1898,  Dawley 

15.6 

....     81.6 

15 

.... 

79.4 

15.9 

.... 

80.8 

1899 

14.8 

16.2    84.2 

.... 

.... 

.... 

15.6 

17.9 

86. 1 

1900« 

•  •  .  • 

•■*•     .... 

14.2 

15.6 

a^.6 

15.2 

16.6 

84.7 

1901 

13.1 

17.1    82.9 

IS.  9 

18.6 

85.7 

13.3 

16.7 

79 

The  data  here  presented  are  strikingly  opposed  to  what  is 
regarded  as  the  orthodox  method  of  manuring  sugar  beet  land. 
It  so  happens  that,  with  the  exception  of  the  crop  of  1901,  not 
only  does  the  stable  Aanure  fail  to  depress  the  quality  of  the 
beets,  but  the  crops  grown  where  it  was  applied  in  the  spring 
flhow  a  higher  percentage  of  sugar  than  where  commercial  f(»rti- 
lizer  was  used  or  where  no  manure  was  applied.  In  1901  the 
percentage  of  sugar  was  but  little  lower  but  the  coeflScient  of 
purity  appeared  to  drop.  In  this  case  the  stable  manure  was 
used  in  an  excessive  quantity. 
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Table  XX. — Influence  of  Manubes  on  the  Relation  of  the  Roots  and 
Tops  of  Sugab  Beets,  1900,  1901. 


Experiment  1900. 


Experiment  1901. 


Treatment. 

Commercial    fertilizer 
plats: 

Plat  1  (2,  1901) 

Plat  2(5,  1901)  .... 

Plat  3 

Plat  4 

Plat  5 

Plat  6 


Weight  Weight  Per  ot 

No.  of     beets     beeu   weight 

beets     wlih  witboat     of 

Whed.     tops.     tops,     roots. 

Ommom.  Qytists.  iVroC 


Weight   Weight 

Naof    beets   of  beets 

beeu     with   without 

weighed,  tops.     tops. 

Ounces.  Ounces. 


40 
20 
20 
20 
20 
20 


761 
40» 
369 
367 
351 
365 


572 
309 
284 
267 
272 
297 


Average , 


Stable  manure  plats: 

Plat  7  (1,  19Q1) 

Plat  8(4,1901) 

Plat  9 

Plat  10  

Plat  11  

Plat  12 


40 
40 
40 
20 


837 
778 
763 
354 


Average •  •  •  •     • 

No  fertilizer  (3,  1901)...  . 
Single  beet,  commercial 

f eitilizers 

Single       beet,       stable 

manure 19.3    15.3 


18.7    14.3 


75.1 
75.5 
76.9 
72.7 
77.5 
81.4 


76.5 


676 
610 
626 
263 


80.7 
79.6 
82 
74.3 


20      318      253    79.5 
20      435      322    75 


78.3 


55 

55 


952 
839 


778 
608 


55 


926 

881 


•  •  •  •     •  • 


Perct. 

weight 

of 

roots. 

Peret, 


81.7 
83.2 


S2.4 


765 
735 


82.6 
83.4 


83 


55  951  786  82.6 
...  16.3  13.4  .... 
...     16.4     1.36     .... 


Some  indication  of  the  relative  eflfect  of  the  two  kinds  of 
manures  may  be  gained  from  knowing  the  relation  by  weight 
of  roots  and  tops.  In  1900  and  1901  carefully  selected  beets 
from  all  the  plats  were  weighed  before  and  after  trimming. 
The  results  of  these  weighings  are  given  in  Table  XX. 

It  does  not  appear  from  the  above  data  that  stable  manure 
induced  an  excessive  growth  of  leaves  as  compared  with  com- 
mercial manures. 

It  is  fair  to  inquire  if,  in  the  nature  of  things,  there  are 
good  reasons  for  expecting  results  different  from  those  detailed 
here.  Why  should  plant  food  derived  from  stable  manure  cause 
growth  unlike  that  sustained  by  chemical  manures?  While  we 
cannot  enter  into  all  the  secrets  of  the  life  of  the  plant,  such  a 
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specific  difference  does  not  appear  to  be  rational.  It  does  not 
appear  in  the  experiments  here  recorded  that  the  yield  of  beets 
was  greatly  larger  with  40,000  to  80,000  lbs.  of  stable  manure 
per  acre  than  with  1000  lbs.  of  commercial  fertilizer.  It  seems 
extremely  probable  that  if  a  fresh  application  of  stable  manure 
ever  causes  the  ranker  vegetative  growth,  this  result  must  be 
attributed  either  to  the  larger  quantities  of  fertilizing  ingredi- 
ents which  are  usually  supplied  in  comparison  with  chemical 
manures,  or  to  the  modifying  influences  upon  the  soil  of  its 
organic  matter  as  affecting  texture  and  water  holding  power. 
Granting  that  the  excessive  amounts  of  nitrogen  and  other  ele- 
ments of  plant  food  contained  in  the  usual  application  of  stable 
manure  are  sometimes  the  cause  of  too  rank  growth,  then  the 
use  of  less  manure  will  modify  this  effect  which  is  undesirable 
with  some  plants.  In  case  the  better  texture  and  greater  water 
holding  power  that  the  manure  induces,  and  which  are  so  desir- 
able conditions  to  secure  for  most  soils,  are  the  explanation  of 
the  great  vigor  of  the  plants,  it  would  not  seem  wise  to  with- 
hold the  manure,  but  to  control  the  character  of  the  growth  by 
regulating  the  quantity  of  manure  and  number  of  plants  on  a 
given  space  and  by  other  means. 

The  evidence  which  this  bulletin  presents  shows  clearly  that 
under  the  conditions  involved,  stable  manure  was  freely  applied 
to  the  beet  land  in  the  spring  just  before  planting,  the  seed 
without  injury  to  the  quality  of  the  beets. 

If  this  proves  to  be  true  in  general,  no  time  limitations  are 
to  be  placed  on  the  use  of  such  manure,  and  sugar  beet  produc- 
tion will  not  demand  of  the  farmer  an  annual  expenditure  of 
cash  for  commercial  fertilizers  because  they  are  a  necessity  in 
this  line  of  farming. 
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W.  H.  JORDAN  AND  F.  A.  SIRRINB. 


SUMMARY. 


(1)  Experiments  in  the  use  of  different  qnantities  of  a  com- 
plete fertilizer  in  growing  onions  were  conducted  at  Florida, 
Orange  county,  N.  Y.,  for  four  years  on  the  same  field  and  for 
one  year  on  a  field  of  another  farm. 

(2)  The  quantities  of  fertilizer  used  were  0,  500  lbs.,  1000  lbs«, 
1500  lbs.  and  2000  lbs.  per  acre. 

(3)  On  the  Purdy  field  (four  years),  when  only  500  lbs.  of  fer- 
tilizer was  used,  the  manure  cost  of  the  increase  of  crop  was 
16.6  cts.  per  barrel;  with  1000  lbs.,  79.3  cts.;  with  1500  lbs.,  80.4 
cts.,  and  with  2000  lbs.,  227.8  cts. 

(4)  The  profit  from  using  the  fertilizer  came  mostly  from  the 
first  500  lbs.  applied,  averaging  f35.84  per  acre.  With  onions 
at  11.25  per  barrel  the  profit  was  slightly  larger  (about  f3  per 
acre)  wifh  both  the  1000  lbs.  and  1500  lbs.  of  fertilizer  per 
acre;  but  2000  lbs.  was  used  at  a  loss. 

(5)  On  the  Mars  field  one  experiment  was  conducted  which 
showed  no  increase  of  yield  from  applying  commercial  fertilizer 

^  even  in  the  larger  quantities. 

(6)  The  results  of  these  experiments  show  clearly  that  the 
crops  were  limited  more  by  other  conditions  than  by  the  extent 
of  the  plant-food  supply.  With  the  best  conditions  of  season 
and  water  supply  the  smallest  amount  of  fertilizer  supported 
the  maximum  crop. 


•A  reprint  of  BuUetin  No.  206. 
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(7)  Considering  the  varying  market  price  of  onions  from  one 
year  to  another  and  the  various  vicissitudes  to  which  the  crop 
is  subjected,  the  use  of  the  larger  quantities  of  fertilizer  (above 
500  lbs.)  was  attended  by  danger  of  financial  loss. 

GENERAL  CONDITIONS. 

Experiments  and  investigations  were  begun  by  the  Station  in 
the  Second  Judicial  Department  of  New  York  in  the  year  1894. 

One  of  the  conditions  of  practice  prevalent  in  that  portion  of 
the  State,  especially  with  the  market  gardeners  and  potato  and 
onion  growers,  was  the  excessive  use  of  commercial  fertilizers. 
The  application  of  one  ton  or  more  per  acre  of  a  High  grade, 
complete  fertilizer  was  frequently  observed. 

Reasoning  from  general  facts,  it  did  not  seem  clear  that  such 
a  large  expenditure  for  commercial  plant-food  was  justified  from 
the  standpoint  of  profit.  In  order  to  determine  the  correctness 
of  this  view,  field  experiments  with  fertilizers  on  potatoes  were 
begun  on  Long  Island  in  1895,  which  were  continued  until  1900, 
during  the  last  four  years  of  which  time  observations  were  made 
on  four  farms  located  at  different  points  in  potato  growing  dis- 
tricts. The  general  outcome  of  these  experiments  was  to  show 
that,  so  far  as  profit  from  the  potato  crops  was  concerned,  the 
use  of  1000  lbs.  of  fertilizer  per  acre  was  more  profitable  than 
the  use  of  500  lbs.,  1500  lbs.  or  2000  lbs. 

In  1898  similar  observations  were  begun  at  Florida,  Orange 
County,  on  the  use  of  commercial  fertilizers  in  gi*owing  onions. 
These  have  been  continued  each  year  since,  the  experiment  of 
1901  being  regarded  as  concluding  the  series. 

THE  EXPERIMENTS. 

PLAN. 

In  these  experiments,  conducted  for  four  years  on  one  farm 
(Purdy  field)  and  for  one  year  on  another  (Mars  field),  approx- 
imately one  acre  of  land  was  utilized  in  each  locality.    This  acre 
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Arrangements  of  Plats  nr 
Onion  Fertilizer  Experi- 
ments. 


was  divided  into  ten  plats,  which  were  treated  in  accordance 
with  the  diagram  shown  below. 

On  the  field  where  the  experi- 
ment was  continued  for  four  years, 
each  plat  received  the  treatment  as 
indicated  each  year  of  the  entire 
time,  with  the  exception  noted 
under  "  Fertilizers  used." 


FEUTILIZERS  USED. 

The  fertilizer  was  applied  annu- 
ally. For  three  years  it  was  com- 
pounded in  accordance  with  the 
formula  for  some  time  so  popular 
with  Long  Island  farmers,  viz.: 
four  per  ct.  nitrogen,  eight  per  ct. 
phosphoric  acid  and  ten  per  ct. 
potash.  In  1901  the  potash  was 
changed  to  five  per  ct. 

Crimson  clover  was  sown  on  the 
Purdy  field  in  August  of  1900, 
which  grew  to  a  height  of  from 
four  to  six  inches  and  was  plowed 
under  the  very  last  of  November.  W 
tilizer  was  the  only  means  employed 
land,  other  than  the  usual  cultivation, 
applied  to  plats  6  to  10  of  the  Purdy 


1. 

No  fertilizer. 

500  lbs 

2 

fertilizer 

per 

acre. 

1000  lbs. 

3. 

fertilizer 

per 

acre. 

1500  lbs. 

4. 
fertilizer 

per 

acre. 

2000  lbs. 

5. 

fertilizer 

per 

acre. 

0. 
No  fertilizer. 

500  lbs. 

7. 

fertiiizer 

per 

acre. 

1000  lbs. 

8. 

fertilizer 

per  acre. 

1500  lbs. 

9. 

fertilizer 

per 

acre. 

2000  lbs. 

10. 

fertilizer 

per 

acre. 

ith  this  exception  the  fer- 
of  adding  fertility  to  the 
In  1901  no  fertilizer  was 
field. 


LOCATION  AND  CONDITIONS  OP  THB  EXPERIMENTS. 

The  location  of  the  experiments  was  at  Florida,  Orange  county, 
N.  Y.,  a  region  where  onion  growing  is  an  important  industry. 
The  soil  is  the  kind  so  highly  regarded  by  onion  growers,  being 
black,  peaty  and  friable,  with  a  w^ater  table  about  two  feet  below 
the  surface,  except  in  the  time  of  a  severe  drought.  Such  soil 
appears  to  allow  the  continuous  production  of  the  same  crop 
without  the  appearance  of  the  unfavorable  conditions  which 
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follow  with  most  soils  where  a  rotation  of  crops  is  not  practiced. 
During  the  course  of  the  experiment  insect  and  fungus  troubles 
and  excess  of  water  caused  more  or  less  damage,  the  instances 
of  which  will  be  mentioned  in  the  proper  connections. 

As  stated,  two  fields  were  used,  the  Purdy  field  for  four  years 
and  the  Mars  field  for  one  year.  In  1897  the  former  field  pro- 
duced a  crop  of  onions,  receiving  a  small  application  of  commer- 
cial fertilizer.  Previous  to  1897  the  crops  had  been  grass,  corn 
and  potatoes.  The  Mars  field  had  been  generously  manured  in 
previous  years. 

NOTES. 

In  the  conduct  of  these  experiments  approved  methods  of  cul- 
ture were  followed  at  the  hands  of  experienced  onion  growers* 
The  fertilizer  was  sown  broadcast  before  the  drilling  of  the  seed. 
The  planting  generally  occurred  late  in  April  and  the  harvesting 
of  the  crop  during  the  last  half  of  August. 

Unfavorable  conditions  prevailed  to  some  extent  every  year 
of  the  experiments. 

In  1898  Plat  10  of  the  Purdy  field  was  flooded  for  a  short 
time  soon  after  the  young  plants  made  their  appearance.  Again 
in  1900  Plats  7,  8,  9  and  10  were  partially  flooded  on  two  occa- 
sions, but  this  occurred  late  in  August,  not  long  before  the 
crop  was  gathered,  and  as  the  onions  which  had  rotted  were 
weighed,  the  figures  given  show  the  approximate  yield.  The 
crops  suffered  more  or  less  every  year  from  smut,  mildew  and 
the  maggot,  but  the  plats  appear  not  to  have  been  injured  to  a 
suflSciently  unlike  extent  to  seriously  impair  the  accuracy  of  the 
work  in  measuring  the  yield. 

In  1900  and  1901  a  mixture  of  sulphur  and  lime  in  the  propor- 
tion of  2  to  1  by  weight  was  sown  with  the  seed  at  the  rate  of 
150  lbs.  per  acre.    This  wias  sown  as  a  preventive  of  smut. 

Several  tables  follow  showing  the  plat  yield,  the  acreage  yield 
calculated  both  in  pounds  and  bushels  and  the  outcome  of  the 
experiments  considered  from  a  financial  point  of  view. 
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Table  I. — Yield  of  Onions  on  Purdy  Field  fob  Four  Years,  1898-1901, 

BY  Plats. 

Yield  per  plats.^ 

QuAotltv  of  fertiliser        / • » 

PlalNo.                    per  acre.                           IMS.          18W.           1900.              1001.  AYennie. 

Lha.          Lb9.           Lbs,              Lbg.  Lb: 

1  None 41H    823   17iH^    605  906 

2  500  lbs 681^  1045%  2704     1257  1422 

8  1000  lbs 7021^  1148   2813%    1425  1522 

4  1500  lbs 831%  1416   2736     1423  1601 

5  2000  lbs 821    1382%  2698%    1499  160O 

6  None 602    858   2118      923*  1125 

7  500  lbs 693    1108   2665     lllP  13D6 

8  1000  lbs 721    1259%  2636     1218*  1458 

9  1500  lbs 835    1341%  2588%    139S»  1541 

10  2000  lbs 814^4  1298   2540     1371*  1599* 

1  Sise  of  puts  1  to  9.  .0704  aore ;  Plat  10.  .0813  aore. 
*  PlaU  6  to  iO  reoeived  no  fertiliser  in  1901. 
•Caloolated  to  yield  for  0704  acre. 


Tablx  II. — ^AcBB  YnxD  of  Pubdy  Field  Showino  Increase  From  Fer- 
tilizers. 

A^eraf^e  yield  per  acre  for  fonr  yean. 


Qnantfty  of  fertiliser  Inereane  orer 

Plat  No.             peracrou  Pounds.  Barrels.*  no  ft)rttliB<)r. 

1  None 11,415  76.1* 

2  500  lbs 17.917  119.4  34.1 

8    1000  lbs 19,177  127.8  42.5 

4    1500  lbs 20,173  134.5  49.2 

5"    2000  lbs 20,100  134.4  49.1 

6  None 14,175  94.5* 

7  500  lbs 17,590  117.3  32. 

8  1000  lbs 18,371  122.5  37.2 

9  1500  lbs 19,417  129.4  44.1 

10    2000  lbs 20,147  134.3  49. 

lB«rreL  ISAlbs. 

■  Average  Plats  1  and  8,  85.8  bbls.,  taken  as  yield  with  no  fertiliser. 


Increase  for 
each  addUioD 

offiOiilbs. 

fertilizvr. 
Bbli. 


34.1 

8.4 

6.7 

0 

82. 
5.2 
6.9 
4.9 


Table  III. — Average  Yearly  Profits  Per  Acre  from  Use  of  Fer- 
tilizers ON  PuRDY  Field. 

Profit  for 

Yalne  each  addiuon 

Qaantfty  of  fertiliser    Cont  fertiliser   increase  of  Profit  from         of.^oulbs. 

Plat  No.          used  per  acre.              per  acre.              crop.  fertiliser.  fen i User. 

2  500  lbs $6.25    $42.62  $36.37  $36.37 

3  1000  lbs 12.50     53.12  40.62  4.25 

4  1500  lbs 18.75     61.50  42.75  2.13 

5  2000  lbs 25.00     61.37  36.37  —6.38 

7  500  lbs 4.60     40.00  35.81  35.31 

8  1000  lbs 9.37     46.50  37.13  1.82 

9  1500  lbs 14.06     55.12  41.06  3.93 

10  2000  lbs 18.75     61.25  42.50  1.44 
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AVEBAGES  FOR  PAIBS  OF  PLATS. 


PlatKo. 

2  and   7 

3  and  8 

4  and    9 

5  and  10 


Qaftntlty  of  fertilieer 
usod  per  acre. 

500  lbs 

1000  lbs 

1500  lbs 

2000  lbs 


Coat  rertlliEer 
per  acre. 

$5.47 

10.94 

16.41 

21.87 


Value 

liic>e«Heof 

cn»p. 

$41.31 

49.81 

58.31 

01.31 


Profit  from 
feitUizer. 

$35.84 

38.87 

41.90 

39.44 


Profit  for 

each  aridtuoQ 

nf5001b«. 

fertilizer. 

$35.84 
3.03 
3.03 

—2.46 


l«OTic  —Fertiliser  reckoned  ftt  $25  per  ton  ftnd  oniona  at  |1.2S  per  barrel. 
Ho  fertiliiet  on  Plats  « to  10  in  1901. 


Table  IV. — ^Febtilizeb  Cost  of  Inobeabed  Yield 

OF  Febtilizebs. 


OF  Onions  fbom  Use 


QoMtity  fertilizer 
per  acre. 


500  lbs. 

1000  lbs. 

1500  lbs. 

2000  lbs. 


Acre  coAt  of 
fertlliaor. 

Arerage 

total 
Inereaae 
ofTleld. 

Bblt. 

$5.47 

33 

10.94 

39.9 

16.41 

46.7 

21.87 

49.1 

Avenge 
Increaae  yield 

fi«r  each 
addition  SCO 
Iba.  fertiliser. 
Bblg. 
33 
6.9 
6.8 
2.4 


Fertillaer 

cost  each 

bbl.  lucrcaae 

onions. 

CfenU* 

16.6 

27.4 

35.1 

44.5 


Fertiliser 

coat  per  blil. " 

of  iucrea«e 

from  each 

addition  SUO 

lbs.  feriiliser. 

(knU, 

16.6 

79.3 

80.4 

227.8 


Table  V. — Yield  of  Onions  on  Mabs  Field,  One  Yeab,  1900. 


Plat  No. 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 


Quantity  of  fertilizer 
per  acre. 


None  ... 
500  lbs. . 
1000  lbs. 
1500  lbs. 
2000  lbs. 
None  . . . 
500  lbs.. 
1000  lbs. 
1500  lbs. 
2000  lbs. 


TiAld 

per  plat 
Lb*. 

2946.5 

2947 

3060.5 

3117 

3051.5 

28G6.5 

30i7.5 

2775.5 

2517 

2729 


Yield 
per  acre. 

29,465 
29,470 
30,605 
31,170 
.30,515 
28,665 
30,475 
27,755 
24,918 
25,925 


Yield 
per  acre. 

BbU, 
196.4 
196.5 
204 
207.8 
203.4 
191.1 
203.2 
185 
160. 1 
172.8 


ExcesH  yield 

f  •  oni 

fexUlizer. 


Summaby. 


land  6 
2  and  7 
Sand  8 
4  and    9 


5  and  10 


None,  average 

500  lbs.,  average. . 
1000  lbs.,  average. 
1500  lbs.,  average. 
2000  lbs.,  average. 


BbU. 
193.7 
199.8 
194.5 
186.9 
188.1 


BbU. 

6.1 

.8 

—6.8 

—5.0 


RESULTS. 

Bee  Sammary,  p.  247. 

In  discussing  the  results  herewith  presented  we  should  keep  in 
mind  the  limitations  of  field  experiments  as  to  accuracy.  If  an 
experimental  field  could  be  selected  having  an  entirely  uniform 
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productive  capacity  in  every  part  and  untoward  conditions  such 
as  fungi  and  injurious  insects  were  to  affect  one  part  no  more 
than  another,  then  we  could  measure  with  great  accuracy  the 
relative  influence  of  different  fertilizers  or  different  quantities  of 
the  same  fertilizer.  Such  desirable  conditions  as  these  are  not 
to  be  found.  Only  approximate  accuracy  is  reached  in  field 
experiments,  even  under  the  most  favorable  circumstances;  and 
for  this  reason  the  accompanying  figures  should  not  be  taken  as 
representing  fixed  or  absolute  relations.  The  experiments  con- 
vey lessons,  however,  which  appear  to  the  writer  to  be  plain. 

In  the  first  place  it  is  entirely  clear  that  the  limit  of  produc- 
tion as  determined  by  season  and  other  conditions  outside  of  the 
supply  of  food  was  nearly  reached  in  the  Purdy  field  with  the 
first  500  lbs.  of  fertilizer  applied.  This  is  equivalent  to  stating 
that  the  profits  were  mostly  realized  from  the  first  500  lbs.  of 
fertilizer,  the  manure  cost  of  the  gain  in  yield  being  only  16.6 
cents  per  barrel.  While  with  the  increasing  quantities  of  fer- 
tilizer used  there  was  on  the  average  a  corresponding  increase 
of  crop,  this  greater  production  but  very  little  more  than  paid 
for  any  application  of  fertilizer  above  500  lbs.  The  data  show 
that  the  additional  yield  of  onions  resulting  from  each  500  lbs. 
increase  of  fertilizer  above  the  first  500  lbs.  had  a  fertilizer  cost 
of  $0.79  to  f2.28  per  barrel.  The  profits  of  sjich  manuring  are 
uncertain,  depending  upon  market  conditions. 

It  is  to  be  noticed,  moreover,  that  the  added  growth  due  to  the 
first  500  Ibfi.  of  fertilizer , was  not  uniform  in  the  different  years. 
In  1900  conditions  were  favorable  for  an  onion  crop,  a  fairly 
large  yield  being  secured,  and  the  highest  returns  of  any  year 
were  obtained  from  the  commercial  plant-food  added  to  the  soil. 
The  year  1898  gave  the  smallest  crop  of  any  of  the  four.  Com- 
paring the  effect  of  the  fertilizers  in  these  two  years,  we  see  that 
^00  lbs.  of  fertilizer  caused  an  increase  in  1900  of  64.6  bbls.  of 
onions  per  acre  and  in  1898  only  11.7  bbls.  It  should  be  noted 
that  in  1898  the  yield,  though  small,  was  progressive  with  the 
increase  of  fertilizer,  while  in  1900  the  yield  with  500  lbs.  of  fer- 
tilizer was  as  large  as  with  the  heavier  manuring.    All  ithis 
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emphasizes  the  truth  that  the  supply  of  plant-food  is  only  one 
factor  of  crop  production.  Farmers  often  remark  that  '*  fertil- 
izers are  of  little  use  in  a  dry  year,"  which  is  one  way  of  saying 
that  in  order  for  any  manure  to  exercise  its  maximum  influence, 
other  conditions  such  as  temperature,  soil  texture  and  water 
supply  must  be  favorable.  It  is  evident,  then,  that  considering 
the  varying  price  of  the  marketable  product,  the  close  margin 
of  profit  from  heavy  manuring  with  fertilizers  even  with  fairly 
good  prices  for  the  crop  product,  and  the  vicissitudes  of  the  crop 
due  to  the  limitations  of  reason,  the  onion  grower  runs  great 
risk  of  diminished  profits  when  he  uses  1500  and  2000  lbs.  of 
commercial  fertilizer  per  acre.  It  should  be  remembered  by 
growers  of  all  crops  that  the  largest  yields  may  be  the  least 
profitable  under  certain  conditions. 

It  may  be  suggested  that  the  consideration  merely  of  the  gross 
weight  of  onions  produced  does  not  fairly  represent  the  full  rela- 
tive influence  of  the  several  quantities  of  fertilizer,  because  the 
quality  of  the  crop  may  be  better  with  the  heavier  manuring. 
Data  were  secured  from  the  experiment  of  1901,  the  fourth  year, 
which  bear  on  this  point.  Attention  is  called  to  the  figures  of 
the  next  table. 

Table  VI.— Qualitt  of  Onions,  Cbop  op  1901. 

Yield  Yield  Percentase 

graded  pickle  of  pickle 

Plttt                      QoanUty  of  fertiliser.                         onions.  onioos.  onions. 

lAs.      Lbi.  Peret. 

1  None  526     79  13 

2  600  lbs 1218     88  3 

3  1000  lbs 1398     27  1.9 

4  1500  lbs 1379     44  3.1 

5  2000  lbs 1434     65  4.3 

The  proportion  of  small  onions  appears  to  be  lese  where  fep» 
tilizer  was  applied  than  where  it  was  not,  but  not  less  with  the 
heaviest  manuring  than  with  the  lightest. 

In  1898  it  was  noticed  that  the  onions  where  no  fertilizer  was 
applied  weighed  less  per  barrel  than  those  from  the  manured 
plats  and  should  be  graded  mostly  as  scullions.  The  barrel  weijrht 
seemed  to  be  somewhat  more  where  1500  and  2000  lbs.  of  fer- 
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•tilizer  were  applied  per  acre  than  where  only  500  and  1000  lbs. 
were  used. 

Again,  the  question  of  the  after  effect  of  heavy  fertilizing  with 
purchased  plant-food  may  well  be  introduced  at  this  point.  The 
experiments  now  considered  furnish  some  evidence  on  this  point. 
In  1901  no  fertilizer  was  applied  to  Plats  6  to  10  of  the  Purdy 
field,  crimson  clover  being  turned  under  in  the  fall.  An  influence 
from  fertilizers  used  in  the  three  previous  years  is  clearly  indi- 
cated, as  the  yield  from  Plats  7  to  10  was  considerably  larger 
than  on  the  check  plat  (No.  6)  and  nearly  as  large  as  on  Plats 
2  to  5,  which  received  the  usual  quantities  of  fertilizer.  The  after 
effect  of  a  chemical  manure  should  be  considered,  therefore. 
Here  we  are  again  reminded  that  conditions  other  than  the  sup- 
ply of  the  compounds  needed  for  growth  limited  the  crop. 

The  experiment  on  the  Mars  field  should  not  pass  unnoticed. 
The  experiment  was  conducted  in  1900  when  a  fairly  large  crop 
was  secured,  ranging  from  188  to  199.8  bbls.  of  onions  with  the 
different  quantities  of  fertilizer.  The  most  noteworthy  fact 
shown  in  this  experiment  is  that  the  fertilizer,  even  in  large 
quantities,  failed  to  increase  the  crop.  The  average  yield  on  the 
check  plats  was  193.7  bbls.  and  on  the  manured  plats,  192.3  bbls. 

The  comment  of  Mr.  Sirrine,  in  immediate  charge  of  the  experi- 
ment, was  that  the  owner  of  the  land  "  had  used  stable  manure 
and  fertilizers  in  such  quantities  during  previous  years  that 
there  was  little  need  of  fertilizer  the  present  year."  Certainly 
an  increase  of  available  plant-food  had  no  effect  on  the  growth 
of  the  crop.  It  is  suspected  that  this  instance  illustrates  a  mis- 
take in  practice  that  is  very  frequently  committed  by  farmers 
who  follow  intensive  farming,  viz.:  the  use  of  manure  on  soil 
already  suflSciently  charged  with  the  available  materials  neces- 
sary to  plant  growth. 
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SAN  JOSE  SCALE  INVESTIGATIONS.    HI; 


V.  H.  LOWE  AND   P.  J.  PABBOTT. 

SUMMARY. 

Spraying  experiments  with  emulsions  of  crude  petroleum  and 
water  gave  the  following  results: 

Winter  applications  of  the  emulsion  containing  25  per  ct.  of 
petroleum  and  higher  percentages  seriously  injured  or  killed 
peach  trees.  European  plum  trees  and  apple  trees  were  unin- 
jured except  by  40  per  ct.  and  stronger  emulsions.  Cherry  and 
pear  trees  were  not  injured  by  either  the  emulsified  or  undiluted 
petroleum. 

Spring  applications  of  the  emulsion  of  the  same  percentages 
resulted  in  serious  injury  to  European  plum  trees  by  the  undi- 
luted petroleum,  slight  injury  by  the  60  per  ct.,  while  the  40 
per  ct.  was  harmless  except  to  a  number  of  old  plum  trees  which 
had  been  somewhat  weakened  by  disease.  Peach  trees  wei'e 
seriously  injured  by  the  40  per  ct.  and  stronger  emulsions. 
Young  cherry  and  pear  trees  were  uninjured  by  the  diluted  and 
undiluted  petroleum. 

Experiments  to  determine  the  percentage  of  petroleum  re- 
quired to  kill  the  hibernating  scales  resulted  in  a  failure  with 
the  25  per  ct.,  while  the  40  per  ct.  and  higher  percentages  killed 
the  scales  in  both  the  winter  and  spring  series.  But,  as  indi- 
cated above,  40  per  ct.  emulsion  should  be  used  only  in  spring 
a  short  time  before  the  buds  begin  to  swell;  and  not  at  any 
time  upon  peach  trees. 

Fumigation  experiments  with  hydrocyanic  acid  gas  at 
strengths  varying  from  .18  to  .3  gram  of  cyanide  per  cubic  foot 
of  air  space,  resulted  in  practically  no  injury  to  apple,  cherry, 

•A  reprint  of  BuUetin  No.  202. 


Digitized  by 


Google 


248    Report  of  the  Department  of  Entomology  of  the 

pear  and  plum  buds.  Peach  buds  were  uninjured  by  the  gas  at 
a  strength  of  .22  gram,  but  showed  indications  of  slight  injury 
at  .3  gram.  Experiments  in  the  winter  (December)  resulted  in 
a  failure  to  kill  the  scales  with  the  gas  at  a  strength  less  than 
.3  gram,  while  the  spring  experiments  (early  June)  resulted  in 
killing  the  scales  with  the  gas  at  .18  gram. 

I.    SPRAYING  EXPERIMENTS  WITH  CRUDE  PETROLEUM. 

INTRODUCTORY. 

Crude  petroleum  is  one  of  the  recent  additions  to  the  list  of 
insecticides.  It  was  first  brought  into  prominence  in  this  capac- 
ity by  Dr.  J.  B.  Smith"^  of  the  New  Jersey  Agricultural  Experi- 
ment Station.  During  his  experiments  nearly  4,000  fruit  trees 
were  treated,  including  the  ordinary  orchard  fruits  with  the 
exception  of  cherry.  The  petroleum  was  used  pure  and  mixed 
with  60  and  75  per  ct.  of  water.  The  trees  were  treated  at 
various  times  from  January  to  March.  Summarizing  these  ex- 
periments Dr.  Smith  states,  in  the  bulletin  previously  referred 
to,  page  20:  "  Not  a  single  case  of  injury  to  any  tree  treated  in 
winter  has  been  observed;  on  the  contrary  in  a  number  of  cases 
the  oil  seems  to  have  acted  as  a  stimulant,  and  the  sprayed  trees 
have  shown  greater  vigor  and  better  foliage  than  those 
untreated."  From  his  experiments  Dr.  Smith  also  draws  the 
conclusion  (page  21)  that  crude  petroleum  "  is  harmless  to  the 
most  tender  varieties  and  on  the  youngest  trees." 

These  experiments  were  followed  in  1900  by  a  somewhat  less 
extensive  series  in  West  Virginia.  In  summing  up  the  results, 
Prof.  L.  C.  Corbett,  under  whose  direction  the  experiments  were 
made,  states^  that  apple,  peach  and  plum  trees  sprayed  May  16 
seemed  to  thrive  under  a  treatment  of  20  per  ct.  crude  petro- 
leum. Also  that  none  of  the  fruit  or  leaf  buds  were  injured  and 
that  although  the  trees  were  infested  before  treatment  no  live 
scales  were  found  on  the  treated  trees.  Experiments  with  undi- 
luted crude  petroleum  applied  April  3  to  badly  infested  Japanese 

'N.  J.  Agr.  Exp.  Sta.  Bui.  138. 

'W.  Va.  Agr.  Exp.  Sta.  Bui.  70.  d.  373. 
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plum  trees  and  in  February  to  other  varieties  of  fruit  trees  are 
considered  as  showing  that  undiluted  petroleum  does  not  injure 
fruit  trees,  although  it  may  remain  upon  them  for  six  months; 
also  that  it  kills  the  scales  when  coming  in  contact  with  them 
and  that  it  has  given  the  most  promising  results  of  any  of  the 
insecticides  that  had  come  into  use  at  that  time. 

The  experiments  in  this  State  by  the  State  Entomologist,  Dr. 
E.  P.  Pelt,  furnished  one  of  the  first  published  records  of  results 
with  the  insecticide  in  the  north.^  A  number  of  fruit  and  orna- 
mental trees  were  included  in  these  experiments.  The  former 
consisted  principally  of  wild  cherry,  peach,  plum,  pear,  quince 
and  crab  apple.  Twenty  and  twenty-five  per  ct.  emulsions  of 
crude  petroleum  and  water  were  used  as  well  as  undiluted  petro« 
leum.  All  of  the  trees  were  sprayed  in  April.  From  these  ex* 
periments  Dr.  Felt  concludes  that  "the  trees  appeared  to  be 
uninjured  by  the  insecticide^  though  possibly  a  little  retarded^ 
while  a  large  proportion  of  the  scales  are  killed  and  on  some 
trees  it  would  appear  as  though  every  one  had  been  annihi- 
lated;" also  that  the  results  with  the  25  per  ct.  emulsion  were 
not  enough  better  to  warrant  the  use  of  the  higher  percentage 
of  oil  and  that  owing  to  the  serious  injury  to  the  trees  treated 
with  the  undiluted  petroleum  its  use  cannot  be  recommended. 

THE  PRESENT  STATUS  OP  CRUDE  PETROLEUM  AS  AN  INSECTICIDE. 

The  above  review,  which  includes  the  principal  experiments 
with  crude  petroleum  yet  published,  brings  out  some  points  in 
which  the  results  as  reported  do  not  agree.  It  will  be  noticed 
that  Dr.  Smith  concludes  that  "  straight "  crude  petroleum,  of 
the  right  character  and  specific  gravity,  if  properly  handled,  ia 
harmless  to  the  most  tender  varieties  of  fruit  trees  even  when 
applied  undiluted,  and  that  it  may  be  depended  upon  to  kill  the 
dormant  scales  when  used  undiluted  or  diluted  with  60  or  75 
per  ct.  of  water. 

While  these  experiments  were  supported  in  the  main  by  those 
of  Prof.  Corbett,  the  experiments  by  Dr.  Felt,  although  agreeing 


•Kew  York  State  Museum  Bui.  36  (Vol.  7). 
•Refers  to  the  20  per  ct.  emulsion. 
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with  the  Virginia  results  in  that  the  20  per  ct.  mixture  killed 
the  scales,  gave  very  different  results  with  undiluted  petroleum. 
In  this  case,  although  the  petroleum  was  of  the  required  char- 
acter, testing  43°,  it  seriously  injured  or  killed  all  the  trees  to 
which  it  was  applied. 

From  the  above  review  and  summary  it  appears  that  the  exact 
effect  of  crude  petroleum  of  the  proper  standard  upon  both 
scales  and  trees  is  not  yet  fully  determined;  hence  further 
investigation  is  desirable. 

OBJECTS  OF  THE  EXPERIMENTS. 

The  experiments  with  crude  petroleum  reported  in  this  bul- 
letin were  undertaken  principally  with  a  view  to  adding  further 
data  as  to  its  effect  upon  both  scales  and  trees.  Conflicting 
results  with  this  insecticide  in  the  hands  of  Western  New  York 
orchardists  have  also  made  a  series  of  experiments  in  this  sec- 
tion of  the  State  desirable. 

CONDITION  AND  CLASSIFICATION. 

The  experiments  were  conducted  in  a  number  of  different 
orchards,  all  of  them  in  western  New  York.  In  each  case  the 
condition  of  the  trees  was  carefully  noted. 

The  crude  petroleum  used  was  purchased  of  the  Standard  Oil 
Company.  It  was  dark  green  in  color  and  had  a  specific  gravity 
of  44°. 

An  emulsifying  pump  of  the  type  that  emulsifies  the  oil  and 
water  at  the  nozzles  was  used  in  all  of  the  experiments.  The 
spray  was  very  fine  and  the  emulsion  thus  made  was  excellent, 
the  oil  being  so  thoroughly  broken  up  that  it  did  not  wholly 
separate  from  the  water  in  the  1,000  cc.  graduate  in  which  the 
tests  were  made  for  over  two  days. 

To  avoid  error  in  the  amount  of  oil  applied  the  pump  was 
frequently  tested.  These  tests  showed  only  very  slight  varia- 
tions in  the  percentages. 

Much  pains  was  also  taken  to  make  the  applications  thorough 
and  uniform.    The  spray  was  directed  upon  the  tree  until  it 
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began  to  drip  slightly.  By  bo  doing  all  of  the  emulsion  that 
would  adhere  was  applied  to  each  tree.  It  is  apparent  that  if 
less  were  applied  it  would  be  very  difficult  to  tell  whether  the 
work  had  been  thorough  or  not.  On  the  other  hand  prolonged 
spraying  and  consequent  over  drenching  would  be  merely  a 
waste  of  material  and  would  have  practically  no  effect  upon  the 
quantity  of  petroleum  that  finally  clings  to  the  tree  because  the 
excess  of  emulsion  does  not  adhere  to  it.  Also  if  the  machine 
emulsifies  the  oil  and  water  as  thoroughly  as  in  our  own  experi- 
ence there  will  be  no  danger  from  free  oil  as  the  excess  of  emul- 
sion will  drain  off  before  separation  can  take  place.  Hence  a 
tree  sprayed  to  a  moderate  excess  with  an  emulsion  containing 
say  25  per  ct.  of  petroleum  would  finally  retain  no  more  petro-^ 
lenm  than  if  sprayed  merely  to  the  dripping  point.  If,  there- 
fore, the  spray  is  directed  upon  each  tree  until  its  full  capacity 
to  hold  the  emulsion  is  reached,  that  is  until  it  begins  to  drip, 
an  amount  of  oil  in  proportion  to  the  percentage  indicated  is 
practically  maintained.  However,  it  is  to  be  noted  that  in  the 
case  of  unusually  rough  or  cracked  bark  or  open  wounds  that 
would  hold  the  emulsion  the  accumulation  of  oil  may  cause 
injury.  It  is  also  possible  that,  in  case  of  over  drenching,  the  oil 
that  would  soak  into  the  ground  might  cause  injury  to  the  roots. 

CHARACTER  OF  CRUDE  PETROLEUM. 

Crude  petroleum  is  an  oily,  inflammable  liquid  varying  in  color 
from  very  dark  brown  to  greenish  tints.  By  refining  it  yields 
a  number  of  valuable  products  including  paraffin,  lubricating 
and  illuminating  oils  and  a  series  of  highly  volatile  oils.  It  is 
the  heavier  oils  that  make  it  especially  valuable  as  an  insecti- 
cide. Crude  i)etroleum  varies  in  appearance  and  composition 
according  to  the  locality  from  which  it  was  taken.  The  eastern 
oils  are  said  to  vary  greatly  from  the  western  and  most  foreign 
oils,  the  former  having  a  paraffin  and  the  latter  an  asphalt 
base.  The  true  indication  of  the  safety  of  petroleum  as  an 
insecticide  evidently  depends  upon  its  specific  gravity;  as  it  has 
been  found  that  petroleum  having  a  specific  gravity  of  43°  or 
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above  (Baum^  oil  scale  at  a  temperature  of  60^  F.)  is  less  likely 
to  injure  the  trees  than  petroleum  of  a  lower  specific  gravity, 
although  oils  of  a  lower  specific  gravity  have  been  successfully 
used  in  some  instances,  notably  in  Canada. 

REASON  FOR  EMULSIFYING  THE  PETROLEUM. 

A  very  thin  film  of  petroleum  covering  the  entire  tree  is  all 
that  is  required  to  kill  the  scale.  Theoretically,  by  using  a  very 
fine  nozzle,  the  undiluted  petroleum  might  be  applied  in  a  thin 
film  but  in  practice  it  has  been  found  very  difficult  if  not  impos- 
sible to  make  the  treatment  thorough  without  applying  a 
dangerous  and  wasteful  excess.  For  this  reason  emulsifying 
the  petroleum  with  water  is  desirable  as  the  tree  can  then  be 
thoroughly  wet  without  applying  an  excess  of  oil. 

SERIES  I.  EXPERIMENTS  TO  DETERMINE  THE  EFFECTS 
OF  CRUDE  PETROLEUM  UPON  SOUND  TREES. 

ORCHARD  i:  PLUMS,  PEARS  AND  CHERRIES. 

This  orchard  consists  of  152  plum,  13  pear  and  13  cherry  trees. 
The  plums  consist  of  Monarch,  Reine  Claude  and  Quackenboss 
varieties;  the  pears  Bartlett  and  the  cherries  Montmorency. 
The  Reine  Claudes,  which  include  about  one-third  of  the  plums, 
are  old  trees  that  have  been  weakened  by  disease  and  decay 
but  usually  bear  a  small  crop  of  fruit.  The  Monarch  and 
Quackenboss  trees  are  sound,  especially  the  latter  which  are 
unusually  vigorous.  The  orchard  has  been  kept  continually 
under  high  cultivation. 

Summaries  of  treatments  and  results  in  Orchard  I  are  given  in 
Tables  I,  II  and  III.  The  checks,  which  are  not  given  in  the 
tables,  consisted  of  a  large  number  of  trees  of  the  same  varieties 
in  adjoining  rows.  In  every  case  they  showed  no  indications 
of  injury  during  the  winter. 

Weather  during  tests  in  Table  I. — ^T\Mnter  treatment.  Trees 
sprayed  Dec.  22  to  24.  Average  temx)erature  of  the  three  days 
89°,  cloudy.  Weather  during  the  week  following  usually  cloudy 
with  average  temperature  of  29°. 
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Table  I. — Winteb  Spraying  in  Obchabd  I. 

TroM.  tStrength 

^»   ■  '  '  '■■■ ' »  of 

Number  petro* 

Kind.  treated.       Age  and  deeoription.  leiim.  Results. 

Per  ct. 

Plum: 
Reine  Claude.      7    Old,  weakened  by  dis-      25    Two  slightly  injured, 
ease.  remainder         uniiv- 

Jured. 

Monarch 4     Full  bearing^  sound..      25     No  injury. 

QuaclLenboss  .       G     Full     bearing,     sound      25     No  injury, 
and    unusually   vig- 
orous. 

Reine  Claude.      8    Old,  wealsened  by  dis-  40    Four     seriously     In- 
ease.  jured,       remainder 

slightly. 

Monarch 6     Full  bearing,  sound..  40     All  slightly  injured. 

QuackenbosB  .      6    Full     bearing,     sound  40    All  slightly  Injured, 
and   unusually   vig- 
orous. 

Reine  Claude.      8    Old,  weakened  by  dls-  60    Five  dead  and  thret 
ease.  seriously  injured. 

Monarch 6    Full  bearing,  sound..  60     All  slightly  injured. 

Quackenboss  .      6    Full    bearing,     sound  60    All  slightly  injured, 
and    unusually    vig- 
orous. 

Reine  Claude.      6    Old,  weakened  by  dis-    100     All  dead. 

ease. 
Monarch 7     Full  bearing,  sound..     100    Three   dead,    remain- 
der    seriously     In- 
jured. 
Quackenbow  •      6    Full    bearing,     sound    100    AH  seriously  injured. 

and   unusually   vig- 
orous. 
Pear: 
Bartlett 8    One  year  planted,  vi&-      25     No  Injury. 

orous. 
Bartlett 3    One  year  planted,  vig-      40    No  Injury. 

orous. 
Bartlett 1     One  year  planted,  vig-      CO     No  Injury. 

orous. 
Bartlett 1     One  year  planted,  vig-    100    No  Injury. 

orous. 
Cherry: 

Montmorency.      2    One  year  planted,  vig-      25     No  Injury. 

orous. 
Montmorency.      2    One  year  planted,  vig-      40    No  injury. 

orous. 
Montmorency.      3     One  year  planted,  vig-      60    No  injury. 

orous. 
Montmorency.      2    One  year  planted,  vig-    100     No  injury. 

orous. 

Weather  during  tests  in  Table  II, — Spring  treatment.  Trees 
sprayed  April  18.  Temperature  52°,  cloudy.  Weather  during 
the  week  following  usually  cloudy  with  average  temperature 
of  48°. 
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Table  II. — Spbiko  Spratino  in  Orchabd  L 

Trees.  Strength 

^ > ,  of 

Number  p«iro- 

Kind.  iieaittd.       Age  and  description.  leum.  ttesiutt. 

PercL 

Plum: 
Beine  Claude.      6    Old  but  usually  bear      25     Two  dead,  three  seri- 
a  small  crop.  ously  injured. 

Monarch 5     Full  bearing,  sound..       25     Fnlnjured. 

Quackenboss..      3     Full    bearing,    unusu-      25     Uninjured. 

ally  vigorous. 
Reine  Claude.      4     Old  but  usually  bear      40     Three  dead,  one  serl- 

a  small  crop.  ously  injured. 

Monarch  ....-      6     Full  bearing,  sound..      40     Two  slightly  Injured, 

remainder        unin- 
jured. 
Quackenboss...     8     Full    bearing,    unusu-      40     Uninjured. 

ally  vigorous. 

Reine  Claude.      4     Old  but  usually  bear      60     All  dead. 

a  small  crop. 

Monarch 6     Full  bearing,  sound..       60     Two  dead,  remainder 

seriously  injured. 
Quackenboss..      8     Full    bearing,    unusu-      60     Slightly  injured, 
ally  vigorous. 
Pear: 

Bartlett 1    One  year  planted,  vig-      25     Uninjured. 

orous. 

Bartlett 1     One  year  planted,  vig-      60     Uninjured. 

orous. 
Cherry: 

Montmorency.      2    One  year  planted,  vig-      40     Uninjured. 

orous. 
Montmorency.       1    One  year  planted,  vig-      60     Uninjured, 
orous. 

Time  of  tests  in  Table  III, — ^Winter  and  spring  treatment. 
Trees  sprayed  Dec.  24  and  April  18.  • 

Table  III. — ^Winter  and  Sprino  Spraying  in  Oi^uard  L 

Trees.  Strength 

^    ■ ^ ,  of 

Kauibrr  petro- 

Kiod.  treated.  Descrfptios.  leuiD.  Besults. 

Ptrei 

Plum: 
Quackenboss..      8    Full    bearing,    unusu-      25    Uninjured. 

ally  vigorous. 
Reine  Claude.      1    Old,  but  usually  bear      40    Dead. 

a  small  crop. 
Monarch  .•...      1    Full     bearing,     vigor-      40     Dead. 

ous. 
Monarch  ..•••      8    Full    bearing,     vigor-      60    Dead. 

ous. 
Reine  Claude.      2    Old,  but  usually  bears    100    Dead. 

small  crop. 
Monarch  .••••.      1    Full    bearing,     vigor-    100     Dead. 

ous. 
Pear: 
Bartlett »      1    One  year  planted,  vig-      40    Seriously  injured. 

orous. 
Bartlett »      1    One  year  planted,  vig-      60 

orous.  Dead. 

Cherry: 

Montmorency.      8     One  year  planted....      40     All  seriously  injured. 
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SUMMARY  FOR  ORCHARD  I. 

In  the  winter  treatment  (Table  I)  none  of  the  healthy  plum 
trees  showed  evidence  of  injury  by  the  25  per  ct.  emulsion  but 
all  were  injured  and  some  killed  by  the  40  per  ct.  and  above. 
In  all  cases  the  old  trees  (Heine  Claude)  were  more  sensitive  to 
the  treatment  than  the  others,  some  of  them  being  injured  by 
the  weakest  emulsion,  half  of  those  treated  with  tlie  4  per  ct. 
seriously  injured  and  all  killed  or  seriously  injured  by  the 
stronger  emulsion  and  the  undiluted  petroleum.  The  younj^er 
trees,  Monarch  and  Quackenboss,  especially  the  latter,  stood  the 
treatment  better,  being  uninjured  by  the  25  per  ct.  and  only 
slightly  by  the  40  per  ct.  emulsion.  The  pears  and  cherries  were 
uninjured. 

The  spring  treatment  (Table  II)  shows  even  more  serious 
injury  to  the  Reine  Claudes  than  the  winter  treatment  but  the 
other  varieties  consisting  of  younger  trees  were  less  affected 
being  uninjured  by  the  40  per  ct.  and  only  slightly  by  the  60 
per  ct.  emulsion.  Both  the  pears  and  cherries  were  uninjured 
by  the  highest  percentage  of  petroleum  (60  per  ct.)  used  in  this 
series. 

As  was  to  be  expected  the  winter  and  spring  treatments  com- 
bined (Table  III)  caused  more  serious  injury  than  either  of  the 
single  applications.  The  Quackenboss  was  the  only  variety 
treated  with  25  per  ct  emulsion  and  the  trees  were  not  in- 
jured. Reine  Claudes  and  Monarchs  were  treated  with  the 
higher  percentages  jwith  the  result  that  every  tree  was  killed. 

From  these  results  it  appears  that  the  spring  treatment  was 
slightly  less  injurious  than  the  winter  treatment  while  the  two 
combined  proved  fatal  except  with  the  25  per  ct.  emulsion. 
The  40  per  ct.  and  stronger  emulsions  caused  so  much  injury 
to  the  plum  trees  as  to  indicate  that  they  are  dangerous.  The 
only  exception  was  the  Quackenboss  trees  which  were  uninjurtd 
by  the  40  per  ct.  although  unable  to  withstand  the  higher 
percentages.  The  lack  of  injury  to  the  pear  and  cherry  trends 
even  by  the  undiluted  petroleum  indicates  strongly  that  th(»8e 
trees  are  much  less  susceptible  to  crude  petroleum  than  the 
plums. 
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SERIES  II.     SPRAYING  EXPERIMENTS  TO  DETERMINE 

THE  EFFECTS  OF  CRUDE  PETROLEUM  UPON 

HIBERNATING  SCALES. 

The  experiments  of  this  series  were  conducted  in  Orchards 
II,  III  and  IV. 

ORCHARD   II :    PEARS. 

The  experiments  of  Series  II  were  begun  in  this  orchard 
which  consists  of  101  pear  trees,  nearly  all  of  which  are  standard 
Bartletts.  The  trees  were  planted  about  six  years  ago  and 
except  for  the  first  two  years  have  received  but  little  care. 
During  the  past  four  years  the  orchard  has  been  in  sod.  It  is 
quite  probable  that  some  of  the  trees  were  infested  when 
planted  but  the  scale  was  not  noticed  until  the  spring  of  1898. 
When  the  experiments  were  begun  in  1900  most  of  the  trees 
were  extensively  infested,  many  being  encrusted  on  the  trunk 
and  larger  limbs.  Before  the  experiments  were  begun  they 
were  carefully  trimmed  and  the  orchard  was  divided  into  two 
sections.  The  first,  containing  54  trees,  was  treated  with  crude 
petroleum,  and  the  second,  containing  all  of  the  remaining  trees, 
except  a  few  reserved  for  checks,  with  hydrocyanic  acid  gas  as 
noted  in  a  subsequent  section  of  this  bulletin. 

Summaries  of  the  spraying  experiments  and  results  in  this 
orchard  are  given  in  Tables  IV,  V,  VI  and  VII.  The  check 
trees  are  not  recorded  in  the  tables.  In  every  case  the  scales 
had  multiplied  rapidly.  The  live  ones  were  abundant  upon  both 
the  new  and  old  growth. 
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Weather  during  testa  m  Table  IV. — Fall  treatment.  Trees 
sprayed  Oct.  23.  Temperature  64°,  cloudy.  Weather  during  the 
week  following  usually  bright,  with  average  temperature  of  59°. 

Table  IV. — Fall  Spraying  in  Obchabd  II. 


TreM. 

Siren  glh 
petro- 

Namber 

Kind. 

troated.       Degraeof  infectailon.          itiuni.                   BMolto. 

FerU. 

Peab: 

Bartlett  ... 

2    Both    extenslTely'   In-      25     Scales    not    affected, 

fested.                                        trees  uninjured. 

r      1     Extensively     In-' 

fested. 

Bartlett  ... 

...      2. 

*    40  Scales  dead,  trees  un- 

1    Moderately     in- 

injured. 

fested.                    J 

*  "  Bxtenslyelj  iofeatod**  as  nsed  in  thia  and  other  tablea  meana  that  the  treee  were  enemated 
OD  parta  of  the  trunk  and  aome  of  the  larger  Umba.  Moderately  and  aligfatly  Infeated  mean  to  a 
leea  degree. 


Time  of  testa  in  Taible  7. — ^Winter  treatment.    Trees  sprayed 
Dec.  24. 

Table  V. — ^Winter  Spbatino  in  Orchard  IL 


Trees. 

Streneth           " 

of 

^ 

Knniber 

petro- 

Tenm.                   Reeolta. 

Kind. 

treated.       Degree  of  infeatation. 

F€r€L 

Peab: 
Bartlett  ... 

...      4 

1  Exten^ively,  1  mild- 

26    Scales    not    affected. 

ly  and  2  slightly  in- 

Trees uninjured. 

fested. 

Bartlett  ... 

...      4 

2   Extensively   and   2 

40     Scales  dead.'      Trees 

slightly  infested. 

uninjured. 

Bartlett  ... 

...       4 

3  Extensively  infested 

60     Scales  dead."      Trees 

(2   nearly    dead),    1 

uninjured. 

moderately  infested. 

Bartlett  ... 

...      4 

8  Extensively  infested 

100    Scales  dead.    The  two 

(2   nearly    dead),    1 

trees  most  seriously 

moderately  infested. 

infested  were  killed 

the  others  slightly 
injured. 

>0n  Mone  of  the  treea  apraTM  wlih  the  high  peroentagea  of  ornde  petroleom  an  ocoaaional 
life  scale  wm  Ibiind.  bnt  aa  they  were  aliraya  upon  aome  amall  twig  that  might  eaaily  haye 
oacaped  tboruugb  treatment  they  were  not  conaidered  aa  affMting  the  reanlCa. 
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Time  of  tests  in  Table  7/.— Spring  treatment.    Trees  sprayed 

April  18. 

Table  VI. — Spring  Spraying  in  Orchard  IL 

Trees.  Strength 

Niiiuher  petro- 

Kiiid.  lieaiud.       Decree  of  iofeatatioD.  leum.  Bcsnlts. 

PereL 
Pear: 

Bartlett 4    2   Extensively   and   2      25     Scales    not    aCfected. 

mildly  Infested.  Trees  uninjured. 

Bartlett 4     2    Extensively    and   2      40     Scales    dead.       Trees 

mildly  Infested.  uninjured. 

Bartlett 4    3    Extensively    and    1      GO     Scales    dead.       Trees 

mildly  Infested.  uninjured. 

Bartlett 4    AU  mildly  infested...     100     Scales   dead.      Trees 

uninjured. 

Weatlier  during  tests  in  Tqhle  YII. — ^Winter  and  spring  treat- 
ment. Trees  sprayed  Dec.  8  and  April  18.  Dec.  8  temperature 
29°,  cloudy.  Weather  during  the  week  following  alternating 
cloudy  and  fair  with  average  temperature  of  22°. 

Table  VII. — Winter  and  Spring  Spraying  in  Orchard  II. 

Trees.  Strength 

,  *  ■%  of 

Kiioiber  petro* 

Kind.  treated.       Decree  of  iofestntioD.  leam.  ResnlU. 

Pear: 

Bartlett 8    1   Extensively   and   2      25     Scales     show    slight 

mildly  Infested.  effect  of  treatment. 

\        Trees  uninjured. 

Bartlett 4    2   Moderately    and  -2      40     Scales  dead.       Trees 

slightly  infested.  uninjured. 

Bartlett 4    2   Moderately    and    2      GO     Scales    dead,    1    tree 

sllglitly  Infested.  dead,  1  nearly  dead 

and  2  seriously  In- 
jured, 

Bartlett 4    1   Extensively  and   3    100     Scales   dead,  3   trees 

moderately  Infested.  dead,  1  nearly  dead. 

SUMMARY  FOR  ORCHARD  11. 

The  experiments  in  this  orchard  indicate  that  the  25  per  ct. 
emulsion  cannot  be  depended  upon  to  kill  the  dormant  scales, 
while  the  40  per  ct.  emulsion  gives  satisfactory  results.  The 
power  of  the  pear  tree  to  resist  the  injurious  effects  of  crude 
petroleum  is  also  indicated.  There  was  no  apparent  injury  to 
any  of  the  trees  sprayed  once,  although  many  were  much  weak- 
ened by  the  scale,  except  in  one  case  where  the  trees  were  nearly 
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dead  at  the  time  time  of  spraying.  These  trees  were  killed  by 
the  undiluted  petroleum  (Table  V.).  The  trees  sprayed  twice 
(Table  VII),  with  60  per  ct.  and  undiluted  petroleum  were 
killed  or  seriously  injured  in  every  case.  But  those  receiving 
ihe  weaker  emulsions,  25  and  40  per  ct.,  were  uninjured  in- 
dicating that  pear  trees  may  be  sprayed  twice,  once  during  the 
winter  and  once  during  the  early  spring  with  a  petroleum  emul- 
sion strong  enough  (40  per  ct.)  to  kill  the  scale  without  being 
injured. 

ORCHARD  hi:    APPLES. 

This  orchard  consists  of  thirty-two  Baldwin  apple  trees  in  full 
bearing.  All  were  infested  but  none  sufficiently  to  be  seriously 
weakened.  They  have  been  well  cared  for  and,  except  for  the 
scale,  are  in  good  condition. 

The  experiments  were  undertaken  principally  to  ascertain 
whether  large  trees  moderately  infested  with  the  scale  could  be 
satisfactorily  treated  with  crude  petroleum.  The  trees  were 
too  large  to  make  thorough  spraying  practicable  without  severe 
pruning.  They  were  therefore  cut  back  severely  in  October  and 
finally  sprayed,  with  the  results  shown  in  Tables  VIII  and  IX, 


Weather  during  testa  in  Table  YIII. — ^Winter  treatment.  Trees 
sprayed  Dec.  20  to  22.  Average  temperature  of  the  three  days 
33^. 

Table  VIII. — ^Winter  Spratino  in  Orchard  III. 


Trees. 


Kiod. 


Kamber 
treated 


Applb: 
Baldwin 8 


Baldwin 8 


DeftrM  of  InfeatatlOD. 


1  Extensively,  3  mod- 
erately and  4  slight- 
ly Infested. 

1  Extensively,  2  mod- 
erately and  5  slight- 
ly infested. 


Stieii^ 

potro- 
leam. 

25     Scales 


RMOltfl. 


not    affected. 
Trees  uninjured. 

40  Scales  dead,  except 
on  some  of  the 
small  branches 

where  many  live 
ones  were  found. 
6  trees  dead,  re- 
mainder seriously 
Injured. 
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Weather  during  tests  in  Table  IX, — Spring  treatment.  Trees 
sprayed  April  19.  Temperature  34°,  cloudy  with  slight  rain. 
Weather  during  the  week  following  cloudy  with  frequent  show- 
ers.   Average  temperature  48°. 

Table  IX. — Spring  Spratinq  in  Orchard  III. 

Trees.  Slien^th 

of 


Number  pehro* 

Ktud.  treated.        Degree  of  infefitatioii.  hniu.  Be«iilte. 

Perti. 

Apple: 

Baldwin 8    2  Extensively   and   6      25     Scales    not    affect?ed. 

moderately  Infested.  Trees  uninjured. 

Baldwin 8    1   Extensively   and   3      40     Scales  dead,  except  on 

moderately  infested.  some  of  the  small 

branclies  where 
many  live  ones  were 
found.  Trees  un- 
injured. 

SUMMARY   FOR   ORCHARD   III. 

The  results  in  this  orchard  show  only  partial  success  for  the 
treatment.  As  with  the  other  experiments  the  25  per  ct. 
emulsion  had  no  noticeable  effect  on  the  insect.  The  lack  of 
thorough  work  with  the  40  per  ct.  emulsion  appeared  to  be 
due  to  the  difficulty  of  reaching  every  limb  and  twig  on  large 
trees.  This  seems  evident  because  nearly  all  of  the  scales  were 
dead,  the  live  ones  being  found  only  on  a  few  small  branches 
that  might  easily  have  escaped  thorough  treatment.  The 
serious  injury  to  the  eight  trees  sprayed  during  the  winter  with 
the  40  per  ct.  mixture  was  unexpected.  As  apples  are  not 
considered  especially  sensitive  to  treatment  with  crude  petro- 
leum and  similar  insecticides  and  as  the  other  apple  trees  in- 
cluded in  the  experiments  were  not  seriously  injured  by  similar 
treatment  it  seems  probable  that  some  other  factor  besides  the 
petroleum  must  have  had  an  important  influence.  The  apple 
trees  that  were  uninjured  by  the  winter  treatment  of  40  per 
ct.  emulsion  were  not  trimmed  just  before  being  sprayed  as 
was  the  case  with  the  injured  trees,  and  as  the  pruning  was 
unusually  severe  it  may  have  weakened  the  trees  sufficiently  to 
cause  them  to  succumb  to  the  treatment 
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ORCHARD  IV :    PBXACH,  PBAR  AND  APPLB  TRSBS. 

This  small  orchard  consists  of  ten  peach,  pear  and  apple  trees 
just  coming  into  bearing.  The  orchard  has  evidently  received 
fairly  good  care,  and  until  two  or  three  years  ago  the  trees  were 
thrifty.  Recently  most  of  them  have  shown  signs  of  weakness, 
probably  due  in  part  to  the  San  Jos^  scale. 

The  treatment  and  results  are  summarized  in  Table  X. 

Time  of  testa  in  Table  X. — ^Winter  treatment.  Trees  sprayed 
Dec.  20  to  24. 

Table  X. — Winter  Spraying  in  Orchard  IY, 

Trees.  Strength 

t  '  ■  »  of 

Nnmber         *  petro* 

Kiod.  treated.       Defl^^eeof  Infeatatlon.  feam.  Befeidts. 

Peach: 

Var.  unknown.      2    Slightly  Infested 25     Scales    not    affected. 

Trees  slightly  In- 
jured. 

Var.  unknown.      1     Slightly  infested. 40     Scales    dead.       Tree 

seriouBly  injured. 
Pear: 

Var.  unknown.      2    Slightly  infested 40    Scales     dead.      Tree 

uninjured. 
Apple: 
Var.  unknown.     6    Extenslyely  infested..      40    Scales  dead,  2  trees 

seriously  Injured, 
remainder  unin- 
jured. 

SrmMART  FOR  ORCHARD  IV. 

In  these  experiments  also,  the  25  per  ct.  emulsion  did  not 
kill  the  scales  while  the  40  per  ct.  was  effectual.  The  peach 
trees,  although  no  more  seriously  infested  than  the  pears,  were 
slightly  injured  by  the  25  per  ct.,  and  seriously  injured  by  the 
40  per  ct.  emulsion.  Twd  of  the  apple  trees  were  injured  by 
the  40  per  ct.  emulsion  but  not  seriously. 

ORCHARD  V:    PLUM  TRBBS. 

This  orchard  consists  of  twenty  plum  trees  which  have 
recently  come  into  fall  bearing.  All  of  them  are  extensively 
infested  and  somewhat  weakened  by  the  San  Jos6  scale.  As 
shown  in  the  following  table  half  were  sprayed  in  the  spring 
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with  a  resin  wash  and  the  remainder  with  a  whitewash  known 
as  government  whitewash.  Both  have  been  suggested  as  being 
effectual  against  the  San  Jos6  scale.  They  were  made  after 
the  following  formulae: 

Resin  Wash. 

Resin  10%  pounds 

Soap 21     pounds 

Fish  oil 1%  quarts 

Water  21     gaUons 

Boil  the  resin,  soap  and  fish  oil  in  about  one-fourth  of  the 
water  until  dissolved.  While  boiling,  gradually  add  remainder 
of  the  water.  Care  should  be  taken  not  to  add  the  cold  water 
too  fast  as  it  has  a  tendency  to  precipitate  the  resin. 

Government  tohitewash. 

Slaked  lime ^  bushel 

Salt    %  bushel 

Rice  6    pounds 

Glue 2     pounds 

Water   10    gallons 

Boil  the  rice  with  enough  of  the  water  to  make  a  moderately 
thin  paste.  Dissolve  the  glue  in  a  small  amount  of  hot  water 
and  boil  the  salt  and  lime  in  what  is  left  of  the  ten  gallons  of 
water  until  a  thin  whitewash  is  formed.  Then  add  the  rice  and 
glue  solutions  to  the  whitewash  and  boil  for  at  least  half  an 
hour. 


Weather  during  testa  in  Table  XI. — Spring  treatment.  Trees 
sprayed  April  12.  Temperature  47°,  fair.  Weather  during  the 
week  following  usually  fair  with  average  temperature  of  51°. 


Table  XI. — ^Treatments  nf  Obghabd  Y. 

Trees. 


Nnniber          Dogrc-eof 
Kind.                treated.          infesUtion. 

Mixture  used.                Seanltt. 

Plum: 
Var.  unknown.     10    3  extensively 
and  7  moder- 
ately infested. 
Var.  unknown.     10    4  extensively 
and  6  moder- 
ately infested. 

Eesin-li  me    Scales    not    af- 

mixture.               fected.    Trees 

uninjured. 

Government    Scales    not    af- 

wliitewash.           fected.    Trees 

uninjured. 
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SUMMARY  FOR  ORCHARD  V. 

Although  twenty  infested  trees  were  used  in  these  experi- 
ments and  unusual  pains  taken  to  make  the  applications  thor- 
ough there  were  no  beneficial  effects  apparent  in  either  case. 
The  scales  were  breeding  as  rapidly  during  the  summer  on  the 
treated  trees  as  on  the  checks.  Although  there  was  a  week 
of  dry  weather  immediately  following  the  applications,  the  un- 
favorable results  may  have  been  due  in-large  part  to  an  unusu- 
ally wet  spring.  The  heavy  rains  washed  both  compounds 
almost  entirely  off  before  the  summer  was  over.  Further  experi- 
ments with  these  washes  seem  desirable  as  they  have  not  yet 
been  sufficiently  tested  to  prove  or  disprove  their  value. 

GENERAL  SliMMART. 

The  experiments  with  crude  petroleum  include  321  fruit  trees 
consisting  of  apples,  cherries,  pears,  peaches  and  plums.  The 
results  were  fairly  uniform.  In  the  experiments  of  Series  I  no 
injury  was  caused  by  the  25  per  ct.  emulsion,  but  in  every  case 
the  40  and  higher  percentages  caused  serious  injury  to  the  plum 
trees  while  the  pear  and  cherry  trees  were  practically  un- 
harmed. The  younger  and  more  vigorous  plum  trees  were 
injured  less  than  the  old  and  weaker  ones. 

The  experiments  included  in  Series  II  show  serious  injury  to 
peach  trees  by  the  25  per  ct.  emulsion  and  equally  serious 
injury  to  plum  and  apple  trees  by  the  40  per  ct.  emulsion.  In 
all  cases  of  injury  it  is  to  be  noted  that  the  most  serious  injury 
was  caused  by  the  fall  applications  and  by  two  applications — 
one  in  the  fall  and  one  in  the  spring.  These  results  do  not  agree 
with  those  of  Smith  and  Corbett  previously  referred  to  but  agree 
in  the  main  with  those  of  Felt  who,  as  previously  stated,  found 
that  the  undiluted  petroleum  caused  serious  injury  to  the 
treated  trees. 

The  experiments  to  ascertain  the  percentage  of  petroleum  in 
the  petroleum  and  water  emulsion  required  to  kill  the  hibernat- 
ing scales  also  gave  uniform  results.  The  25  per  ct.  emulsion 
failed  to  affect  the  scales  materially  while  the  40  per  ct.  killed 
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them  in  every  instance.  The  failure  of  the  25  per  ct.  to  kill  the 
scales  does  not  agree  with  the  results  of  Felt  and  Corbett  who 
report  success  with  a  20  per  ct.  emulsion.  The  reason  for  this 
is  not  readily  apparent.  It  is  to  be  noted,  however,  that 
although  an  examination  of  the  treated  trees  made  in  the  spring 
may  indicate  that  the  treatment  has  been  successful,  definite 
and  final  results  cannot  be  obtained  without  several  examina- 
tions during  the  following  season.  This  is  especially  true  in  the 
latitude  of  New  York  State  where  a  large  percentage  of  the 
scales  die  during  the  winter  so  that  during  the  spring  but  few 
live  ones  can  be  found.  But  later  in  the  season  after  breeding 
begins  the  real  condition  can  be  much  more  easily  determined. 
Taken  -as  a  whole  the  spraying  experiments  reported  in  this 
bulletin  indicate  the  following: 

1.  Vigorous  trees  are  probably  less  liable  to  injury  by  crude 
petroleum  than  weak  ones. 

2.  Peach  and  plum  trees  are  more  sensitive  to  crude  petro- 
leum than  apples,  cherries,  or  pears. 

3.  There  is  less  danger  of  injury  if  trees  are  sprayed  In  early 
spring  than  during  the  fall  or  winter. 

4.  The  25  per  ct.  emulsion  of  crude  petroleum  and  water  can- 
not be  depended  upon  to  kill  the  hibernating  scales  in  the  lati- 
tude of  Western  New  York,  while  the  40  per  ct.  has  proven 
efficient. 

5.  Much  pains  should  be  taken  to  avoid  over-drenching  the 
trees.  Only  enough  of  the  emulsion  should  be  applied  to  wet 
the  bark  evenly  and  thoroughly. 

II.    FUMIGATION  EXPERIMENTS  WITH  HYDEOOYANIC 

ACID  GAS. 

INTRODUOTOET. 

Fumigation  with  hydrocyanic  acid  gas  is  now  recognized  as 
one  of  the  best  known  methods  of  combating  scale  insects.  The 
gas  was  first  brought  into  prominence  as  an  insecticide  in  1886 
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by  Mr.  D.  W.  Coquillett  who  made  extensive  experiments  in 
California.  Although  it  was  being  extensively  used  in  Cali- 
fornia it  received  but  little  attention  in  the  east  until  in  1897 
when  Prof.  W.  G.  Johnson  took  up  the  problem  of  successfully 
combating  the  San  Josd  scale  in  Maryland.  After  extensive 
experiments  he  decided  that  two-tenths  gram  of  98  per  ct. 
potassium  cyanide  per  cubic  foot  was  sufficient  for  outdoor  fumi- 
gation of  deciduous  trees  when  in  the  dormant  state,  that  dor- 
mant nursery  trees  should  be  fumigated  with  .25  gram  of 
cyanide  and  buds,  grafts  and  scions  with  not  more  than  .16 
gram.  In  connection  with  these  experiments  Johnson  developed 
better  methods  of  handling  and  applying  the  gas  than  had  been 
previously  in  use  and  called  attention  to  its  wide  range  of  use- 
fulness until  now  it  is  employed  in  green  houses,  graneries,  mills 
and  other  buildings  subject  to  infestation  by  insects. 

In  this  State  the  gas  is  used  extensively  for  fumigating  dor- 
mant nursery  trees.  Until  the  past  two  years,  however,  but  few 
attempts  have  been  made  to  use  it  in  the  orchard  and  in  this 
capacity  it  may  still  be  considered  in  the  experimental  stage  so 
far  as  this  State  is  concerned. 

The  experiments  reported  in  this  bulletin  were  begun  during 
the  fall  of  1900  and  continued  during  the  following  winter  and 
spring.  The  principal  objects  of  the  experiments  were  to  deter- 
mine the  effects,  if  any,  of  the  gas  upon  healthy  buds  and  the 
strength  of  the  gas  required  to  kill  the  hibernating  scales^ 

OON0ITION8. 

The  buds  were  fnmigated  in  small  box  f umigators  made  espec- 
ially for  the  purpose.  For  the  orchard  trees  fumigators  of  the 
type  described  in  Bulletin  181  were  used.  All  of  the  fumigators 
were  carefully  tested  and  found  to  be  gas  tight.  The  gas  was 
generated  in  the  manner  described  in  Bulletin  194,  page  382. 
The  amount  of  cyanide  used  varied  from  .18  gram  per  cubic  foot 
of  air  space  to  .3  gram  as  shown  in  the  tables. 
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character  of  hydrocyamo  acid  gas. 
Hydrocyanic  acid  gas  may  be  generated  by  bringing  cyanide  of 
potassium  in  contact  with  sulphuric  acid.  It  is  colorless,  has  a 
faint  odor  of  almonds,  and  when  inhaled,  unless  largely  diluted 
with  air,  is  very  dangerous.  Much  care  should  therefore  be 
used  in  handling  it. 

CLASSIFICATION. 

The  experiments  were  divided  into  two  series.  Serie*  I 
included  the  experiments  with  uninfested  buds  and  Series  II  the 
experiments  with  the  hibernating  scales. 

SBRIBSS  I.  BIFPEXyr  OF  THB)  GAS  UPON  BUDS. 
The  following  experiments  with  buds  of  a  variety  of  fruits 
were  undertaken  to  ascertain  if  possible  whether  bud  sticks 
could  be  safely  fumigated  with  the  gas  strong  enough  to  kill  the 
scale.  The  conditions  were  not  entirely  satisfactory  as  the 
treatment  was  somewhat  delayed  and  the  treated  buds  were  not 
set  in  until  the  first  week  of  August.  This  was  out  of  season 
for  most  of  the  varieties.  Also  the  treated  buds  were  not  set 
in  until  after  the  checks,  which  were  budded  at  the  proper  time, 
and  were  placed  about  four  inches  above  them  where  they  were 
too  high  to  be  protected  by  the  earth  thrown  against  the  trees 
during  fall  cultivation.  In  addition  to  this  they  were  neces- 
sarily placed  on  the  furrow  sides  of  the  trees  thus  endangering 
them  to  injury  during  cultivation.  These  unfavorable  condi- 
tions must  be  in  part,  and  probably  in  large  part,  the  cause  for 
the  failure  of  the  treated  buds  to  set  or  grow,  on  the  average, 
equally  as  well  as  the  checks. 
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The  total  number  of  apple  buds  treated  as  shown  by  the  above 
table  was  1,157,  of  which  80.6  per  ct.  set.  The  total  number  of 
checks  was  1,307,  of  which  84.3  per  ct.  set.  This  difference  is 
too  slight  to  indicate  that  the  gas  seriously  affected  the  buds 
when  the  unfavorable  conditions  previously  referred  to  are 
taken  into  consideration. 

A  further  evidence  that  the  gas  had  no  injurious  effects  is  the 
variation  in  the  percentage  of  treated  buds  that  set.  There  is 
no  relationship  between  the  percentage  of  treated  buds  that  set 
and  the  strength  of  gas  or  time  of  exposure. 

The  slight  difference  in  growth  between  the  treated  buds  and 
the  checks  is  not  enough  to  be  of  much  importance  and  is  prob- 
ably due  largely  to  the  late  date  of  setting  them  in. 
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Four  hundred  and  eighty-seven  cherry  buds  were  treated  of 
which  77.8  per  ct.  set.  The  total  number  of  checks  was  497,  of 
which  91.7  per  ct.  set.  While  the  difference  in  these  percent- 
ages is  much  greater  than  in  the  case  of  the  apples  it  is  hardly 
sufficient  to  indicate  important  injury  by  the  gas.  As  pre- 
viously stated  the  somewhat  unfavorable  conditions  under  which 
the  buds  were  grown,  together  with  the  fact  that  they  were  put 
in  about  two  weeks  late,  might  easily  account  for  this  difference. 
A  more  definite  indication  that  the  gas  had  little  if  any  injurious 
effect  is  shown  by  the  comparatively  high  percentages  of  buds 
set  that  were  fumigated  with  .22  gram  of  cyanide.  The 
strongest  gas  and  longest  exposure  had  practically  no  more 
effect  than  the  weakest  gas  and  shortest  exposure.  The  growth 
also  was  in  all  cases  equal  or  nearly  equal  to  that  of  the  checks. 
18 
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The  results  with  the 
pear  buds  are  practically 
the  same  as  with  the 
cherries.  Although  but 
75.1  per  ct.  of  the  602 
treated  buds  set  only 
87.6  per  ct.  of  the  759 
checks  lived,  making  the 
difference  but  slightly 
more  than  with  the 
cherries.  The  growth, 
also,  although  in  some 
cases  several  inches 
shorter  than  the  checks, 
averaged  nearly  equal  to 
them. 
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There  is  evidence  of  injury  to  the  peach  buds  with  the  strong 
gas.  Evidently  the  gas  at  a  strength  of  .22  gram  of  cyanide  with 
an  exposure  of  one  hour  did  no  harm,  as  the  percentage  of  treated 
buds  set  is  greater  than  the  percentage  of  checks  that  set.  But 
there  is  a  decided  falling  off  in  the  percentage  when  the  gas  was 
used  at  .3  grams  of  cyanide  indicating  that  the  gas  at  this  strength 
injured  the  buds.  Comparing  the  whole  number  of  buds  treated 
wiih  the  checks,  however,  there  is  but  little  diflFerence  between  the 
peaches,  pears  and  cherries.  The  whole  number  of  peach  buds 
treated  was  732,  of  which  70  2  per  ct.  set.  The  whole  number  of 
checks  was  728,  of  which  82.8  per  ct.  set. 

The  growth  of  the  treated  peach  buds  was  in  nearly  all  cases 
e^nal  to  the  checks. 
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The  results  with  the  plum  buds  were  practically  the  same  as 
with  the  apples.  The  gas  at  a  strength  of  .3  gram  of  cyanide 
had  practically  no  more  effect  than  at  .18  gram.  There  was  also 
but  little  difference  in  the  percentage  of  treated  buds  that  set 
and  the  percentage  of  the  checks  that  set.  The  total  number 
of  treated  buds  was  1505,  of  which  81.1  per  ct.  set,  and  the  total 
number  of  checks  1673,  of  which  84.7  per  ct.  set,  making  a  differ- 
ence of  only  3.6  per  ct.  in  favor  of  the  checks.  Afi  with  the  other 
varieties  the  growth  was  nearly  equal  to  the  checks, 

SERIES  II.     EFFECT  OF  THE  GAS  UPON  THE  SAN  JOSE  SCALE. 

The  experiments  were  conducted  in  four  different  orchards  in 
the  vicinity  of  Geneva.  Some  of  the  trees  were  fumigated  in 
December  and  the  remainder  in  June.  But  one  treatment  was 
made.    The  results  are  shown  in  the  following  tables. 

ORCHARD  II :    PDARS.      ORCHARD  IV :    PEAOHDB. 

Weather  during  tests  in  Table  XVI L — ^Winter  treatment.  Trees 
treated  Dec.  13  to  24,  average  temperature  27°,  cloudy  with  light 
rains  or  snow.  Weather  during  the  week  following  cloudy  with 
average  temperature  of  29°. 

Table  XVII. — Fumigation  Tests  on  Infested  Peab  and  Peach  Tbeeh. 

Treos. 


Number 

Decree  of  iof  eaU-     Strenet  h 

Time  of 
treat* 

treaied. 

Eiada. 
Pear: 

tion. 

of  jra«. 
Oram. 

meoi. 

Reeolu. 

C 

Bartlelt 

5    extensively 
and   1   moder- 
ately infested. 

0.18 

%hour 

Scales  not  af- 
fected. Trees 
uninjured. 

7 

Bartlett. 

3  extensively, 
2     moderately 
and  2  slightly 
Infested. 

0.18 

Ihour 

Scales  not  af- 
fected. Trees 
uninjured. 

8 

Bartiett 

5  extensively, 
2     moderately 
and  1  siigbUy 
infested. 

0.25 

^hour 

Scales  appar- 
ently affe<*te(l 
but  many  live 
ones  found. 
Trees  unin- 
jured. 
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Table  XVII — Continued 


Tr<H*#, 


Number 

' 

Oefcrre  of  infeatft-      Strensth 

Time  of 
trettt- 

tremUsd. 

Kinds. 

tion. 

1  f  grtM. 

Oram, 

ment. 

Besnlto. 

8 

BarUett. 

2  extensively, 
4     moderately 
and  2  sllghUy 
Infested. 

0.25 

Ihour 

Scales  appar- 
ently affected 
but  many  live 
ones  found. 
Trees  unin- 
jured. 

7 

Bartlett 

4   extensively 
and  3  moder- 
ately infested. 

0.80 

%hour 

Scales  dead. 
Trees  unin- 
jured. 

7 

Bartlett 
Peach: 

2   extensively 
and  5  moder- 
ately infested. 

0.30 

Ihour 

Scales  dead. 
Trees  unin- 
jured. 

1 

Var.  unknown. 

Slightly  infested 

0.18 

%hour 

Scales  not  af- 
fected. Tree 
uninjured. 

1 

Var.  unknown. 

Slightly  infested 

0.18 

Ihour 

Tree  dead. 

1 

Var.  unknown. 

Slightly  infested 

0.30 

%hour 

Tree  dead. 

1 

Var.  unknown. 

Slightly  infested 

0.30 

Ihour 

Tree  dead. 

The  results  in  these  experiments  were  unexpected.  Neither 
the  .18  gram  or  .25  gram  had  any  appreciable  effect.  The  live 
scales  were  as  numerous  and  active  on  the  treated  trees  as  on 
the  checks.  There  was  a  decided  difference,  however,  in  the 
trees  treated  with  the  .3  gram.  The  scales  were  dead  on  all  the 
trees.  The  peaches,  although  in  fairly  good  condition,  suc- 
cumbed quickly  to  the  gas.  The  limited  number  of  peach  trees 
used  makes  a  repetition  of  the  experiment  desirable. 

ORCHARD  VI :    PLUMS. 

This  orchard  consists  of  22  plum  trees,  European  varieties, 
which  were  set  out  about  ten  years  ago.  They  have  been  well 
cared  for  and  have  been  in  thriving  condition  until  recently  when 
they  began  to  show  the  effects  of  the  San  Josd  scale.  When  the 
experiments  were  begun  they  were  all  extensively  infested  and 
hence  weakened  by  the  scale.  The  treatment  and  results  in  this 
orchard  are  shown  in  Table  XVIII. 
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WeatJier  during  tests  in  Table  Zyj/J.— Spring  treatment.  Trees 
fumigated  June  6  to  8.  Average  temperature  63°,  cloudy  with 
slight  rain.  Weather  during  the  week  following  usually  fair 
with  slight  rain  on  one  day.    Average  temperature  70°. 

Table  XVIII. — ^Spring  Fumigation  of  ImPESXED  Plum  Tbess. 


Trees. 


Dur«- 
,    tion 


No. 

-ITLJ. 

Decree  of 

of  gaa.  , 

treaU 

treated.       "-»""■• 

InfeatatioD. 

ment. 

RMIlltl. 

Cheeks. 

( 

fi^fttm.  BnutB* 

Plums: 

4 

European. 

Extensively 
infested. 

0.18 

% 

Scales  dead. 
Trees    unin- 
jured. 

Checks  consist- 
ed of  4  exten- 
sively   infest- 

4 

European. 

Extensively 
infested. 

0.18 

1 

Scales  dead. 
Trees    unin- 
Jured. 

ed  trees.  The 
scales  bred 
very  rapidly 

3 

European, 

Extensively 
Uifested. 

0.25 

% 

Scales  dead. 
Foliage 
slightly 
under  nor- 
mal.      No 
other  injury. 

during  the 
summer,  and 
these  trees 
are  now  en- 
crusted with 
them. 

3 

European. 

Extensively 
infested. 

0.25 

1 

Scales  dead. 
Foliage 
slightly 
under  nor- 
mal.      No 
other  injury. 

2 

European. 

Extensively 
infested. 

0.30 

% 

Scales  dead. 
11  o  1  i  a  g  e 
slightly 
under  nor- 
mal.      No 
other  injury. 

2 

European. 

Extensively 
infested. 

0.80 

1 

Scales  dead. 
Foliage 
slightly 
under  nor- 
mal.      No 
other  injury. 

ORGHARD  VII :    PLUMS. 

The  86  trees  included  in  this  experiment,  and  constituting 
Orchard  VIIj^  form  a  portion  of  one  of  the  large  orchards, "of 
Western  New  York.  It  was  set  out  about  eight  years  ago  and 
has  been  under  the  best  of  cultivation.  Two  years  ago  two 
trees  near  the  middle  of  the  orchard  were  discovered  quite 
seriously  infested  with  the  San  Jos6  scale.    From  these  tr^es  it 
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had  spread  in  all  directions  until  eighty-six  were  infested  before 
the  spreading  was  discovered. 

The  treatment  and  results  are  shown  in  Table  XIX.    Trees 
fumigated  June  16  to  24.    Average  temperature  71°,  cloudy. 

Table  XIX. — Spbino  FuiaGATioir  of  Plum  Trees. 


Tree*. 

Dura- 

Ko. 
treated.     VarleUea. 

Degree  of  '  "  **"'    aspot- 
Infeaution.                      are.           Reaalts. 

Checks. 

84    Plums: 

Diamond. 

2  extensive-    0.25    %    Soales  dead, 
ly  and  re-                       Trees    unln- 
mainder                       jured.    Fruit 
slightly                       crop     equal 
Infected.                       to  cheduk 

A  large  number 
of      Diamond 
plum     trees 
which    bore 
more     than 
average    crop 
of  fruit 

The  results  shown  by  Tables  XVIII  and  XIX  are  strongly  in 
contrast  to  those  of  Table  XVII  where  .18  and  .25  gram  had  no 
appreciable  effect  upon  the  scales.  In  the  latter  case,  however, 
the  trees  were  fumigated  during  the  winter,  while  the  former 
were  fumigated  in  June.  As  the  scales  were  killed  by  a  half 
hour's  treatment  in  June  with  the  gas  at  a  strength  of  only  .18 
gram,  the  indications  are  that,  as  might  be  expected,  the  scales 
are  more  susceptible  to  the  treatment  in  the  spring  than  during 
the  winter.  The  weather  conditions  were  such  that  in  each  case 
the  trees  were  damp  at  the  time  of  treatment.  It  is  to  be  noted 
also  that  although  the  trees  were  in  foliage  when  fumigated 
none  were  injured  and  they  bore  more  than  an  average  crop  of 
fruit  the  following  season. 

GBNEBAL  SUMMARY  OF  FUMIGATION  BXPBRIMENTS. 

The  experiments  with  buds  while  not  entirely  satisfactory 
owing  to  the  somewhat  unfavorable  conditions  surrounding  the 
treated  buds,  gave  sufficiently  uniform  results  to  indicate  clearly 
that  the  gas  was  harmless  except  in  the  case  of  the  peaches 
which  were  evidently  injured  slightly  by  the  strong  gas.  Taken 
as  a  whole  there  is  but  little  difference  in  the  percentage  of 
treated  buds  that  set  and  the  checks  that  were  unharmed.    In 
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all  4483  buds  were  treated  78  per  ct.  of  which  set.  The  cheeks 
numbered  4864  of  which  §5.5  per  ct.  set,  thus  making  but  a  slight 
difference  in  favor  of  the  checks,  a  difference  which  might  be 
expected  from  the  unusual  exposure  of  the  treated  buds. 

The  experiments  with  the  scale  gave  somewhat  unexpected 
results  in  that  the  scales  were  practically  unaffected  by  winter 
fumigation  with  the  gas  at  a  strength  less  than  .3  gram  of 
cyanide  per  cubic  foot  of  air  space.  This  result  has  an  important 
bearing  upon  the  winter  fumigation  of  nursery  stock.  To  be 
certain  of  killing  the  hibernating  scales  in  this  latitude  the  gas 
should  be  used  at  the  above  strength.^ 

The  spring  treatment  gave  different  results.  The  gas  at  a 
little  more  than  half  the  strength  (.18  gram)  killed  the  scales  in 
every  case  and  did  not  injure  the  foliage. 

RECOMMENDATIONS. 

Obviously  the  first  step  in  combating  the  San  Jos^  scale  is  to 
prevent  infestation.  As  the  most  fruitful  source  of  infestation  is 
nursery  stock  it  is  plainly  of  the  greatest  importance  to  prevent 
the  spread  of  infested  stock.  Fumigation  with  hydrocyanic  acid 
gas  together  with  careful  inspection  and  clean  cultivation  are 
our  best  safeguards.  If  stock  is  to  be  fumigated  too  much  pains 
cannot  be  taken  to  have  all  conditions  right  for  thorough  work. 
Above  all  else  the  fumigating  house  should  be  gas  tight.  For 
winter  fumigation  the  gas  should  be  used  at  a  strength  of  .3 
gram  of  cyanide.  For  early  spring  treatment  a  strength  of  .18 
to  .2  gram  of  cyanide  will  be  sufficient  to  kill  the  scales. 

An  additional  safeguard  in  the  nursery  is  the  fumigation  of 
bud  sticks,  scions,  etc.,  especially  if  such  stock  has  been  brought 
from  infested  localities.  The  gas  at  a  strength  of  .22  gram  of 
cyanide  can  be  safely  used  on  the  common  varieties  of  fruits  and 
probably  all  varieties  without  danger  of  injury. 


"For  directions.for  computing  the  amount  of  cyanide  to  use  for  a  given 
number  of  cubic  feet  of  air  space  see  Bulletin  No.  194  of  this  Station* 
p.  882. 
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As  the  scale  is  distributed  locally  by  such  agencies  as  insects, 
birds  and  the  wind  a  careful  watch  should  be  kept  in  the  orchard 
for  its  appearance.  Orchard  trees  that  have  become  infested  if 
considered  too  valuable  to  destroy  may  be  treated  either  by 
applying  a  wash  or  by  fumigation  with  hydrocyanic  acid  gas. 
The  former  method  is  the  only  one  practical  for  large  trees,  such 
as  full-grown  apples,  and  may  be  employed  for  smaller  trees  as 
well.  Crude  petroleum  is  one  of  the  best  washes  that  has  been 
extensively  used  in  the  East,  although  as  noted  on  a  subsequent 
page,  a  number  of  others  have  recently  given  promising  results. 
Crude  petroleum  may  be  used  upon  apple,  pear  and  cherry  trees, 
in  an  emulsion  with  water,  in  the  proportion  (40  per  ct.  of  petro- 
leum) required  to  kill  the  scale,  without  danger  of  serious  injury 
provided  the  application  is  made  in  early  spring.  Plums  may 
also  be  treated  with  the  petroleum-water  emulsion  but  there  is 
more  danger  of  injury.  Peaches  should  not  be  treated  with  the 
emulsion  stronger  than  25  per  ct.  petroleum.  For  summer  treat- 
ment a  25  per  ct.  emulsion  may  be  used,  with  reasonable  cer- 
tainty of  killing  the  scales  that  are  reached  by  the  spray.  When 
purchasing  crude  petroleum  it  should  be  remembered  that  it  is 
safer  to  use  an  oil  having  a  specific  gravity  of  43°  than  lower. 

The  principal  advantage  of  fumigation  over  treatment  with 
any  of  the  washes  is  the  thoroughness  with  which  the  gas  does 
the  work.  If  properly  done,  probably  every  scale  will  be  killed 
by  fumigation  while  it  is  very  difficult,  if  not  impossible,  to  hit 
all  of  them  with  a  spray.  The  use  of  the  gas  in  the  orchard  is 
practically  limited,  however,  to  comparatively  small  trees  be- 
cause of  the  expense  and  difficulty  of  fumigating  large  ones. 
Trees  that  can  be  cut  back  to  about  twelve  or  fourteen  feet  in 
height  by  eight  or  niae  feet  in  diameter  can  be  easily  and  cheaply 
fumigated* 
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III.     OTHER  PROMISING  INSECTICIDES. 

The  economic  importance  of  scale  insects  ae  a  group  has  re- 
sulted in  unusual  efforts  being  made  to  develop  methods  for 
their  control.  As  a  result  various  compounds  are  being  devised 
and  tested  from  time  to  time  with  the  hope  of  finding  a  cheaper 
and  more  effectual  way  of  combating  these  insects  than  any  that 
has  yet  been  devised.  Among  the  compounds  that  give  promise 
of  success  are  the  following:  • 

Whale  oil  soap  and  crude  petroleum  compownd. — ^Both  whale  oil 
soap  and  crude  petroleum  are  known  to  have  great  insecticidal 
value  and  hence  it  would  be  supposed  that  a  combination  of  the 
two  would  give  highly  satisfactory  results.  The  experiments 
thus  far,  however,  that  have  come  to  the  writer's  knowledge, 
have  not  given  altogether  satisfactory  results.  A  series  of 
experiments  by  Felt,*  gave  no  better  results  than  he  had  ob- 
tained with  a  plain  20  per  ct.  emulsion  with  water.  In  these 
experiments,  however,  the  emulsion  was  not  used  very  strong 
afi  but  one  pound  of  soap  was  used  to  each  four  gallons  of  water. 
This  was  emul*sified  in  a  "kerowater''  pump  with  a  small 
amount  of  oil,  the  pump  being  set  to  discharge  but  10  per  ct.  of 
crude  petroleunu 

This  compound  is  undoubtedly  worthy  of  further  experiment. 
It  is  not  improbable  that  a  stronger  emulsion  would  prove  more 
effectual. 

Lime,  sulphur  a/nd  saU  toash. — ^This  compound  has  been  used 
extensively  and  with  much  success  in  California.  The  prolonged 
periods  of  dry  weather  characteristic  of  that  country  are  espe- 
cially favorable  to  the  use  of  compounds  of  this  kind.  Experi- 
ments with  this  insecticide  in  the  East  have  not  given  very  satis- 
factory results  as  a  rule.  A  prominent  exception,  however,  is  a 
series  of  experiments  by  Marlatt,  conducted  at  Washington,  and 
published  in  Bui.  30,  N.  S.,  U.  S.  Dept  Agr.,  Div.  of  Entomology, 
pp.  34-36,  which  gave  very  promising  results.  In  explanation 
of  the  unusual  success  of  the  treatment  Dr.  Marlatt  states 
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(p.  36),  that  the  results  were  evidently  due  largely  to  the  unusu- 
ally favorable  weather  conditions,  as  there  were  no  rains  suffi- 
ciently heavy  to  wash  oflt  the  lime  for  nearly  three  weeks  after 
the  applications  were  made.  The  statement  is  also  made  that 
if  a  week  or  two  of  dry  weather  following  the  applications  could 
be  counted  on,  the  lime,  sulphur  and  salt  wash  would  be  as 
effectual  here  in  the  East  as  on  the  Pacific  coast. 

The  wash  was  made  after  the  following  formula,  the  ingredi- 
ents being  steam  boiled  together  in  a  barrel  and  applied  hot. 

Lime 30  pounds 

Sulphur 20     " 

Salt 15     " 

Water 60  gallons 

Kerosene-lime  emulsion. — Several  experiments  with  this  com- 
pound were  also  made  by  Dr.  Marlatt,  who  gives  a  brief  account 
of  them  in  the  bulletin  juBt  referred  to,  pages  37-38.  The  mix- 
ture was  first  suggested  to  him  by  Professor  Galloway,  who  pre- 
pared it  after  the  following  formula: 

Fresh  lime « 4  pounds 

Water 5  gallons 

Kerosene 1  gallon 

"  Slack  the  lime  slowly  with  small  quantities  of  water  in  order 
to  get  a  creamy  solution.  When  thoroughly  slacked  dilute  to 
6  gallons,  add  1  gallon  of  kerosene  and  churn  until  emulsified 
(one  or  two  minutes).*' 

The  experiments  were  considered  as  indicating  this  compound 
to  be  a  promising  one.    The  suggestion  is  made,  howener,  that 
It  is  possible  that  more  lime  would  have  been  an  advantage, 
making  a  better  emulsion  and  a  slightly  heavier  wash, 
ID 


Digitized  by 


Google 


290    Report  of  the  Department  of  Entomology  of  th» 


A 


\ 


^---a 


IV.    A  MODIPICATON  OP  THE  STATION  PUMIGATOR. 

A  simple  method  of  fastening  the  door  of  the  tree  fumigator 
described  in  Bulletin  181  of  this  Station  has  been  suggested  and 
found  to  give  so  much  better  satisfaction  than  the  old  one  that 
it  is  considered  worthy  of  special  men- 
tion. 

The  improvement  does  avray  with  the 
buttons.  In  their  places  stout  strips 
are  used  which  extend  across  the  door 
to  the  margin  of  the  fumigator  as 
shown  in  Plates  XIII  and  XIV.  These 
strips  are  of  hard  wood,  two  inches 
wide  and  three-fourths  of  an  inch  thick. 
The  projecting  ends  are  cut  on  an  angle 
to  fit  against  corresponding  surfaces  of 
the  blocks  fastened  to  the  door  casing 
as  at  a,  Fig.  1.  The  blocks  are  of  the 
shape  shown  at  6.  When  the  strips 
and  blocks  are  in  place  and  the  door  is 
being  forced  into  position  the  down- 
ward pressure  brings  it  against  the 
supporting  sides,  top  and  bottom  of  the 
fumigator. 

With  these  fastenings  the  door  should 
extend  to  the  top  of  the  fumigator  in- 
stead of  within  two  or  three  inches  of 
the  top  as  when  the  buttons  are  used. 
This  is  to  permit  it  to  slip  in  place 
easily.  The  strip  across  the  top  against 
which  the  top  of  the  door  rests  should 
be  at  least  three  inches  wide  and  the  corresponding  strip  of  the 
door  the  same  width.  Both  should  be  covered  with  heavy  felt 
as  described  in  Bulletin  181. 

Both  strips  and  blocks  should  be  made  of  hard  wood  and 
should  be  bolted  on  securely.    It  is  of  especial  importance  also 
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Pl.atb  XIII.— Door    Removed   Showing   Projecting  Ends  op   Strips   Cut  on 

AN  Angle. 
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lliat  the  blocks  be  so  placed  that  when  the  door  is  forced  into 
position  it  will  almost  but  not  quite  reach  the  metal  supports 
at  the  bottom.''  This  will  admit  of  some  wear  before  the  door 
is  down  as  far  as  it  will  go. 

As  shown  in  the  illustrations,  four  strips  are  required.  The 
upper  one  should  be  placed  at  the  top  of  the  door  so  as  to  press 
the  two  surfaces  of  felt  as  close  together  as  possible,  thus  lessen- 
ing the  possibility  of  leakage  of  gas.  To  make  the  pressure  on 
the  upper  part  of  the  door  as  great  as  possible  the  upper  strip 
should  be  warped  somewhat  and  then  sprung  into  place. 

If  preferred  metal  lugs  may  be  cast,  together  with  correspond- 
ing supports,  and  used  in  place  of  the  strips  and  blocks.  The 
principal  advantage  over  the  wooden  fasteners  would  be  that 
they  would  wear  longer. 

To  put  the  door  in  place  it  is  only  necessary  to  lift  it  so  that 
the  ends  of  the  cross  strips  may  drop  into  the  fasteners.  Its 
own  weight  will  bring  it  nearly  into  place,  and  it  will  require 
but  little  additional  force  to  drive  it  down  as  far  as  necessary. 
The  handling  of  the  door  will  be  facilitated  if  the  surfaces  of  the 
fasteners  coming  together  are  lubricated. 

The  principal  advantage  of  this  fastener  over  the  old  is  the 
ease  and  speed  with  which  it  i)ermit8  the  door  to  be  put  into 
place.  It  takes  but  a  very  few  seconds.  No  ladder  is  required 
and  the  delay  and  consequent  expense  of  turning  each  button 
into  place  is  avoided.  The  door  is  held  in  place  as  securely  as 
with  the  buttons,  and  we  have  found  by  careful  tests  that  with 
the  new  fasteners  there  is  no  more  danger  of  leakage  of  gas 
than  before. 


f  See  Bulletin  181,  page  139. 
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TREATMENT  FOR  SAN  JOSfi  SCALE  IN 

ORCHARDS* 

I.  ORCHARD  FUMIGATION. 


F.  A.  8IRRINBI 

SUMMARY. 

It  is  unsafe  to  leave  trees  in  orchards  exposed  to  action  of 
hydrocyanic  acid  gas  for  periods  of  twelve  hours. 

With  perfect  covers,  debarring  accidents,  it  is  possible  to  kill 
every  living  specimen  of  pernicious  scale  on  medium  sized  fruit 
trees  without  injury  to  the  trees  and  thus  to  exterminate  the 
pest  in  isolated  sections. 

With  large  pieces  of  potassium  cyanide  and  an  excess  of  acid 
and  water,  rapid  and  uniform  action  results. 

Double  the  amount  of  potassium  cyanide  usually  recom- 
mended for  nursery  fumigation  should  be  used  in  orchard  fumi- 
gation. 

Tents  have  less  waste  space  and  require  less  chemicals  than 
other  forms  of  coverings,  but  neither  accurate  nor  thorough 
work  can  be  done  with  them. 

Under  favorable  conditions  thorough  work  can  be  done  with 
box  fumigators,  but  they  require  more  chemicals  than  tents. 
They  have  the  advantage  of  fixed  dimensions. 

Cost  of  fumigation  depends  upon  so  many  variable  factors 
that  it  cannot  be  fixed. 

INTRODUCTION. 

Undoubtedly  no  one  insect  has  attracted  more  attention  dur- 
ing the  past  few  years  than  the  Pernicious  scale-insect 
{A^pidiotus  permcio8U8)j  generally  called  "  San  Jos^  scale.'*  As 
this  pest  has  been  widely  distributed  to  most  sections  of  the 
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country  its  treatment  and  control  have  been  the  subject  of  a 
large  number  of  publications.  Unfortunately  a  number  of  con- 
flicting and  misleading  results  have  been  obtained  and  pub- 
lished. As  a  result,  orchardists  are  often  at  a  loss  to  know 
whether  the  expense  and  the  chances  of  failure  are  not  too  great 
to  warrant  undertaking  any  treatment,  or  are  unable  to  decide 
correctly  between  different  methods.  We  feel  justified,  there- 
fore, in  adding  another  chapter  on  the  treatment  of  this  notor- 
ious pest.  In  addition  it  is  desirable  to  record  the  conditions 
and  results  met  with  in  this  section  of  the  State  (Long  Island). 

OBJECT  OP  TESTS. 

The  object  of  making  the  following  tests  was  not  only  to 
determine  the  amounts  of  potassium  cyanide  that  should  be 
used  in  orchard  work,  together  with  its  effect  on  trees  and  in- 
sects, but  to  determine  whether  it  is  possible  to  exterminate  this 
pest  over  small  isolated  areas  and  at  same  time  to  simplify  and 
cheapen  the  method  so  that  orchardists  would  find  fumigation 
feasible.  Incidental  to  this  work  were  tests  on  time  of  chemi- 
cal action,  on  kinds  of  apparatus  used,  and  on  cost 

HISTORY  OP  TESTS. 

During  the  winter  of  1899-1900,  about  20  apple,  14  cherry,  201 
peach,  6  pear,  and  25  plum  trees  (in  the  orchard)  were  fumigated 
by  means  of  tents.  As  it  was  not  only  impossible  to  estimate 
accurately  the  amount  of  space  enclosed  by  a  tent  when  placed 
over  a  tree,  but  was  also  found  impracticable  to  prevent  fre- 
quent leakage  of  gas  from  the  tents,  caused  by  constant  wearing 
and  puncturing  by  the  branches,  the  work  was  discontinued  until 
the  winter  of  1900-1901,  at  which  time  folding  fumigators  hav- 
ing fixed  dimensions  were  constructed  and  used.  The  plums, 
pears  and  cherries,  which  were  separated  from  the  main  orchard 
by  a  high  embankment  and  were  distant  one-eighth  mile,  were 
not  treated  again;  but  the  apple  and  peach  trees,  treated  the 
previous  winter,  were  refumigated. 
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EFFECT  OF  THE  GAS  ON  TREES. 

In  the  preliminary  work  on  fumigation,  in  California,  esj^e- 
cially  of  citrus  trees,  all  injury  to  the  leaves  of  the  trees  was 
supposed  to  result  from  decomposition  of  the  gas  by  sunlight 
and  heat.  As  a  result  fumigation  is  usually  done  at  night  in 
that  section,  although  it  was  found  that  by  the  use  of  black  tents 
the  work  could  be  done  in  the  day  time  with  less  injury  than 
with  uncolored  tents.  In  the  east  the  majority  of  the  tests  have 
been  made  with  black  tents  at  a  season  of  the  year  when  the 
trees  were  dormant,  with  the  result  that  there  was  little  or  no 
danger  of  injury  from  the  conditions  that  orange  growers  have 
to  contend  with.  The  principal  injuries  to  deciduous  trees 
result  from  other  causes,  such  as  too  heavy  charges  of  chemi- 
cals, over  exposure  or  treatment  after  leaves  have  begun  to 
expand. 

In  the  following  tables  are  shown  some  of  the  effects  of  differ- 
ent amounts  of  chemicals  allowed  to  act  for  varying  lengths  of 
time,  together  with  notes  on  the  same.  In  a  study  of  these 
tables  the  following  notes  will  be  of  assistance: 

The  chemical  abbreviation  KCN  is  used  for  potassium  cyanide, 
the  chemically  pure  (approximately  98  per  ct.)  being  used  in  all 
cases.  In  most  instances  the  maximum  exposures  were  made 
during  the  noon  hour  and  comparatively  few  trees  were  treated 
for  long  periods;  in  addition  the  number  of  trees  receiving  heavy 
charges  of  KCN  were  small;  hence  the  tables  cannot  be 
averaged. 

The  orchards  in  which  the  tests  were  made  consisted  of  a 
mixture  in  one  case  of  apple,  cherry,  peach,  pear  and  plum;  in 
the  other  of  apple,  cherry,  chestnut,  peach  and  walnut.  In  the 
first,  a  small  orchard,  the  trees  were  set  haphazard;  while  in  the 
second,  a  peach  orchard,  the  peach  trees  in  every  other  row 
alternated  with  apple,  cherry,  chestnut  or  walnut.  No  definite 
order  was  followed  in  setting  the  alternating  trees;  and  as  a 
result  there  were  but  few  apples,  walnutSj  etc.,  and  these  were 
often  widely  scattered. 
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Under  these  conditions  it  was  more  convenient  to  keep  a 
record  of  the  trees  and  the  notes  on  the  same  by  number  instead 
of  by  charts,  the  trees  being  numbered  consecutively  in  each 
orchard,  vrithout  reference  to  the  kind  of  tree. 

All  trees  under  test,  of  whatever  kind,  were  treated  while  the 
f umigators  were  near  them,  without  returning  to  the  same  sec- 
tion of  the  orchard  at  different  times.  The  orchard  was  treated 
in  sections  daring  the  winter  of  1900-1901,  so  that  some  trees  of 
each  kind  could  be  fumigated  with  different  amounts  of  KGN  at 
different  periods — while  dormant  and  when  the  buds  were 
opening. 

Dates  given  in  the  tables  should  not  be  taken  as  proper  time 
for  treatment  except  in  sections  of  the  country  which  have 
relatively  the  same  temperature. 


Tablx  I. — Apple  Trees  Tbkated  Undeb  Fumigatobs,  1901, 


Mar.  23.. 
Mar.  18. . 
Mar.  19. . 
Mar.  20. . 
Mar.  23. . 
Apr.  6. . 
Apr.  8. . 
Apr.  9.. 
Apr.  12. . 


Amtof  KOV 
per  100  oo.  fL 

Ozt, 
.53 

.70 

.70 
.70 
.70 
.70 
.70 
.70 
.70 


Time  treated. 


15 
20 
20 
20 
20 
20 
20 
20 
20 


Mln. 
Min, 
45 

45 
80 
45 
80 
80 
80 
80 


Max. 

Jfin. 
45 
45 
85 
45 
90 
00 
80 
80 
80 


Total  number  treated  with  20  grams 


Mar.  16. . 
Mar.  18. . 
Mar.  19. . 
Mar.  23. . 
Mar.  27. . 
Mar.  28. . 
Apr.  2., 


Apr.  5. . 
Apr.  8.. 
Apr.  9. . 
Apr.  12. . 
Apr.  18. . 


25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 


80 
65 
85 
45 
15 
80 
80 
30 
80 


45 
55 
70 
50 
4f^ 
75 
90 
45 
45 


80        40 
80        80 


Total  number  treated  with  25  gramff 
Mar.  25..    75        2.04        45       45 


No.  of 
treea. 

1 

1 

8 

1 

81 

2 

2 

1 

1 
14 

4 

1 

2 

2 

22 

2 

111 
15 

8 

1 

6 

8 
51 

It 


No  Injury. 
No  Injury. 
No  Injury. 
No  Injury. 
No  injury. 
No  Injury. 
No  Injury. 
No  Injury. 
No  Injury. 

No  Injury. 
No  Injury. 
No  injury. 
No  Injury. 
No  Injury. 
No  injury. 
No  Injury. 
No'  Injury. 
No  Injury. 
No  Injury. 
No  injury. 
No  injury. 

Very  scaly,  thrown  out 


^  Ooe  tree  einoaed  all  oiffhfe  to  aotion  of  gaa. 

>  ITomiffator  blown  off  one  tree  at  end  of  16  mhiotee.    Unleea  anobored  wben  wind  waa 
beary.  tbe  famigator  Is  not  only  liable  to  Jamp  bat  m  tbli  eeee  waa  blown  tnm  tbe  tree, 
s  'i  ree  waa  remored  after  treatment  by  owner  wlibont  contnltinK  at. 
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AmtofECir 
Date.         per  100  cu.  ft 

Time  treated. 

Ko  of 

Mln. 

Max. 

trees. 

Qranu. 

Ou. 

Jfifk 

Min. 

Mar.  19. .     20 

.70 

40 

45 

2 

Apr.    5..     20 

.70 

85 

70 

6 

Mar.  18..     25 

.88 

40 

45 

8 

Tablb  III.- 

-Peach  Trees  Tr 

EATED 

AmtofKCK 
Date.         per  100  oa.  ffe. 

Time  treated. 
Mia.    Max. 

No.  of 
tieee. 

Grama, 

Ou. 

Min. 

ifin. 

Mar.  19. .     15 

.68 

60 

60 

1 

Mar.  23..     15 

.53 

55 

55 

1 

Mar.  25. .     15 

.53 

50 

50 

1 

Apr.    2..     15 

.53 

40 

40 

1 

Apr.  12. .     15 

.53 

80 

00 

2 

Table  II. — Chestnut  (Paragon)  Treated  Under  Fumioators,  1901. 


Retnlts. 

No  Injury,  May  1, 
No  Injury,  May  1. 
No  injury,  May  1* 

Under  Fumioators,  1901. 
Heenlta. 

Tree  badly  Infested.   No  Injury. 

No  injury. 

No  injury. 

No  injury. 

One  tree  treated  00  minutes  bas 
a  number  of  its  lower 
brancbes  dead,  apparently  all 
due  to  injury  by  scale. 

No  injury. 

No  injury. 

No  Injury. 

One  tree  exposed  all  nigbt;  on 
June  3,  sbows  tips  of  twigs 
without  leaves  and  no  liying 
weeds  or  grass  around  base. 
Otber  trees  uninjured. 

No  injury. 

No  injury. 

No  injury. 

No  injury. 

One  tree  exposed  all  nlgbt;  May 
24,  bas  terminals  killed  back 
12  to  18  inches,  similar  to 
tree  shown  in  Plate  XVI.  All 
plants  around  base  of  tree 
killed.  Other  trees  unin- 
jured. 

No  injury. 

No  injury. 

No  injury. 

No  injury. 


Total  number  treated  with  15  grams  0 

Mar.  18..     20          .70        30        75  171 

Mar.  19..     20          .70        30        90  141 

Mar.  20..     20          .70        30        60  4 

Mar.  28..    20          .70       80        85  141 


Mar.  25. . 

20 

.70 

80 

75 

211 

Mar.  27. . 

20 

.70 

30 

45 

4 

Mar.  28. . 

20 

.70 

30 

80 

11 

Apr.    2.. 

20 

.70 

30 

65 

9 

Apr.    5.  • 

20 

.70 

25 

90 

91 

Apr.    8..    20          .70       80       80  8 

Apr.    9..     20          .70        30        90  5 

Apr.  12. .     20          .70        30        45  6 

Apr.  13..     20          .70        30        30  3 

Total  number  treated  with  20  grams  120 


^  Two  trees  treated  Kar.  18,  two  Har.  19,  one  Mar.  23,  Iwo  Har.  IS  i 
exposed  to  gaa  all  night. 


1  one  Apr.  S  wen 
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Tablb  IV. — Peach  Trees  Treated  Under  Ftjmioators,  1901. 


AmtofECN 
per  100  oa  ft. 

Time  treated. 

No. 
of 
treea. 

Date. 

Min. 

Max. 

Beaolta. 

{ 

Qramt, 

Ou, 

Min. 

Min. 

Mar.  16. . 

25 

.88 

30 

50 

5 

No  Injury. 

Mar.  18. . 

25 

.88 

30 

90 

111 

No  Injury. 

Mar.  19. . 

25 

.88 

30 

90 

171 

No  injury. 

Mar.  20. . 

25 

.88 

30 

GO 

4 

No  injury. 

Mar.  23. . 

25 

.88 

30 

90 

151 

No  injury. 

Mar.  25. . 

25 

.88 

30 

90 

81 

No  injury. 

Mar.  27. . 

25 

.88 

30 

45 

3 

No  injury. 

Mar.  28. . 

25 

.88 

30 

30 

3 

No  injury. 

Apr.    2.. 

€5 

.88 

80 

90 

SO 

No  injury. 

Apr.    5.. 

25 

.88 

80 

80 

411 

One  tree  exposed  all  night;  on 
May  13  has  terminals  Isilled 
back  12  to  18  inches.  Other 
trees  uninjured. 

Apr.    8.. 

25 

.88 

80 

40 

9 

No  injury. 

Apr.    9.. 

25 

.88 

30 

45 

10 

No  injury. 

Apr.  12. . 

25 

.88 

80 

76 

151 

One  tree  exposed  75  minutes; 
on  May  13  starting  as  if 
Injured;  May  24  shows  a  few 
tips  of  branches  without 
leaves.  Other  trees  nnin< 
jured. 

Apr.  IS. . 

25 

.88 

80 

80 

8 

No  injury. 

Apr.  17. . 

25 

.88 

30 

30 

1 

No  injury. 

Total  number  treated  with  25  grams 

181 

Mar.  25. . 

60 

1.76 

30 

90 

82 

No  Injury. 

Mar.  27. . 

50 

1.76 

30 

45 

6 

No  injury. 

Mar.  28. . 

50 

1.76 

30 

80 

62 

No  injury. 

Apr.    9.. 

CO 

1.76 

80 

60 

2 

One  badly  infested  tree  treated 
60  min.,  on  Apr.  28  shows 
buds  on  infested  branches 
dead,  and  on  May  13  no 
injury  except  on  such 
branches.    O.hcr  tree,  treated 

Total  number  treated  with  50  grams 

21 

30  min.,  uninjured. 

'  One  tree  treated  Mar.  U,  one  Mar.  10.  two  Mar.  2S,  one  Mar.  25  and  one  Apr.  S  exposed  to 
gas  all  nigbtt  one  Apr.  12  exposed  75  minatos. 

•  One  tree  treated  Mar.  25  axpoaed  to  gaa  all  nigbti  one  tree  Mar.  28  expoaed  60  minatea, 
another  80  ainutii^ 
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Table  V. — Peach  Trees  Treated  Under  FuinoATORS,  1901. 


Dtte. 


Mar.  16. 


AmtofECV 
per  100  ou.  ft. 

GiatM.       Ou. 

.     75         2.64 


Time  treated. 


Min. 
Jftn. 
30 


Max. 

Min. 
30 


No. 

of 

trees. 


Beralts. 


Apr.    8..     75        2.64        80        60 


Apr.  12..     75        2.64        80       80 


Apr.  13..    75       2.64       80       60 


Total  nnmber  treated  with  76  grramt     12 


Tree  In  full  bloom  May  a  No 
Injury  traceable  to  gas.  PL 
XV. 

One  tree,  not  badly  infested, 
treated  60  minutes  without 
injury.  The  other  tree 
treated  but  30  minutes,  on 
Apr.  2S  showed  buds  on  badly 
Infested  branches  to  be  weak, 
but  on  May  13  appeared  in 
good  condition. 

Buds  expanding  when  treated. 
On  May  6  trees  have  but  few 
branches  with  terminal  and 
lateral  buds  killed;  and  on 
May  13  they  show  but  one- 
tenth  full  bloom. 

May  6,  some  branches  on  all 
these  trees  show  terminal 
and  lateral  buds  injured;  one 
tree  treated  one  hour  injured 
more  than  the  others.  (See 
Plate  XVI.)  May  13,  less 
than  one^tenth  full  bloom. 


Tabub  VI. — Japan  Walntjt  Trees  Treated  Uin>SB  Fumiqators,  1901. 


Reealts. 


Amt.ofEOK 
per  100  ea.  ft. 

Time  treated. 

No. 
of 

Dtte. 

Min. 

Max. 

treea. 

QratM. 

Ou 

Min. 

Min. 

Min. 

Mar.  19. . 

15 

.58 

85 

86 

1 

Mar.  16. . 

20 

.70 

30 

45 

7 

Mar.  18. . 

20 

.70 

30 

65 

8 

Mar.  16. . 

26 

.88 

40 

45 

2 

Apr.    5. . 

25 

.88 

80 

45 

A 

Apr.    8.. 

25 

.88 

30 

80 

1 

Apr.    9.. 

25 

.88 

30 

85 

4 

Apr.  12. . 

25 

.88 

30 

30 

1 

Apr.  13.. 

25 

.88 

30 

80 

4 

Mar.  18. . 

37.5 

1.82 

80 

80 

1 

Apr.  17. . 

75 

2.64 

80 

80 

1 

Tree  badly  infested.  No  In- 
Jury. 

No  injury. 

No  Injury. 

No  injury. 

No  injury. 

No  injury. 

No  injury. 

No  injury. 

No  injury. 

No  injury. 

May  6,  all  terminal  buds  killed. 
June  10,  tree  has  developed 
latent  buds  and  Is  in  full  leaf- 
age, showing  tendency  to 
form  numerous  branches  but 
no  leaders.  All  other  wal- 
nuts uninjured. 
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From  the  data  in  these  tables  it  appears:  (1)  That  it  is  unsafe 
to  leave  peach  trees  exposed  to  the  action  of  the  gas  for  periods 
of  12  hours  no  matter  what  weight  of  potassium  cyanide  per 
cubic  foot  is  used;  (2)  that  all  vigorous  trees,  even  those  as 
tender  as  peach  can  be  safely  treated  with  as  much  as  2^  ozs.  of 
98  per  ct.  potassium  cyanide  per  100  cu.  ft.  (.75  grm.  per  cu.  ft.) 
for  a  period  not  exceeding  30  minutes,  providing  the  treatment 
is  given  while  the  trees  are  dormant;  (3)  that  peach  trees  which 
have  their  vitality  reduced  by  attacks  of  the  scale  are  liable 
to  be  injured  after  April  1st  by  use  of  2J  ozs.  of  potassium  cyan- 
ide per  100  cu.  ft.;  but  the  injury  is  not  usually  such  that  the 
trees  do  not  recover  and  make  a  better  growth  than  while 
infested;  (4)  that  peach  can  be  treated  in  the  orchard  for  inter- 
vals varying  from  30  to  60  minutes  with  as  much  as  If  ozs. 
potassium  cyanide  per  100  cu.  ft.  (.50  grms.  per  cu.  ft.),  even  after 
fruit  buds  show  color;  (5)  that  walnut  and  chestnut  will  stand 
the  same  treatment  as  peach. 

The  tests  made  in  1900,  under  tents  and  hence  liable  to  error, 
indicate  that  plums  and  cherries  are  similar  to  peach  in  resist- 
ance, and  that  pears  cannot  stand  If  ozs.  of  potassium  cyanide 
after  the  flower  buds  are  exposed.  At  this  time  the  injury  was 
confined  principally  to  the  flower  buds,  but  even  where  these 
were  injured  the  entire  setting  of  fruit  was  not  destroyed. 

Johnson  has  reported  injury  to  peach  in  Maryland  by  use  of 
about  one-half  the  above  amounts  of  potassium  cyanide  per  cubic 
foot.  It  will  be  shown  under  rules  for  estimating  contents  of 
tents  and  fumigators  that,  through  an  error,  Johnson  has  actu- 
ally used  much  more  than  the  amount  he  recommends  as  safe. 

Caution. — It  should  be  remembered  that  the  larger  amounts 
tested  apply  only  to  trees  in  orchards  where  the  gas  comes  in 
contact  with  the  ground. 

EFFECT  OF  THE  GAS  ON  THE  SCALEINSECT. 

The  effect  of  the  gas  upon  the  insects  is  not  as  easy  to  deter- 
mine as  its  effect  on  the  trees.  Frequently  on  branches  thor- 
oughly encrusted  with  this  pest  not  over  one  per  ct.  of  the 
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individual  specimens  will  be  alive.  Again,  the  percentage  of 
living  scale-insects  will  vary  not  only  on  the  part  of  the  tree 
upon  which  they  occur  but  also  with  the  season  of  the  year. 

condition  before  treatment. 
The  following  table  gives  approximately  the  condition  of  the 
San  Jos6  scale-insect  on  peach  in  March,  1901,  prior  to  treat- 
ment. The  percentages  were  6btained  by  taking  the  infested 
branches  into  the  laboratory  and  making  a  microscopic  examina- 
tion of  all  the  specimens.  The  branches  were  taken  from  dif- 
ferent trees: 

Table  VII. — San  Jose  Scale  on  Peach,  Mabch,  1901. 

l-yr.  wood.  2  yr.  wood.  Arerago. 

Per  et.  Per  et.  Per  cl. 

Living  specimens  on  first  branch 24,  62.  88. 

Living  specimens  on  second  branch....             27.  62.  44.5 

Living  specimens  on  third  branch 22.  65.  43.5 

Average 24.3  69.6  42. 

CONDITION  AFTER  TREATMENT. 

Ufi4er  tents. — (1)  In  the  small  orchard,  November  20, 1900,  four 
plums  showed  a  few  living  specimens  of  the  scale-insects  on  new 
wood.  Three  of  the  trees  were  badly  infested  before  treatment; 
on  the  other,  specimens  were  numerous  at  time  of  treatment. 
These  trees  were  fumigated  April  13th.  As  near  as  could  be 
estimated  for  tents,  1}  to  2  ozs.  of  potassium  cyanide  per  100 
cu.  ft.  were  used  for  periods  varying  from  35  to  60  minutes. 
One  cherry,  treated  April  14th  with  over  2  ozs.  per  100  cu.  ft.  for 
70  minutes  has  living  specimens  on  new  wood.  Specimens  were 
numerous  before  treatment. 

It  is  a  marked  fact  that  as  late  as  December  7,  1901,  the  in- 
crease of  specimens  on  the  above  trees  has  been  so  slow  that  it 
is  still  a  hard  matter  to  find  them. 

(2)  In  the  large  orchard,  living  specimens  of  the  insects  were 
found  on  treated  trees  in  one  instance,  but  as  only  part  of  the 
orchard  was  treated  there  was  a  chance  for  the  insects  to  be 
transferred  from  untreated  to  treated  trees  thus  making  it  im* 
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possible  to  determine  whether  the  specimens  found  had  survived 
the  fumigation. 

Under  folding  fumigators. — Five  hundred  and  fifty  tests  were 
made  during  the  winter  of  1900-1901.  At  time  of  treatment 
many  of  these  trees  were  infested.  Only  one  was  found  where 
there  was  positive  proof  that  the  scale  had  survived  the 
fumigation;  this  was  a  peach  treated  March  19th  (a  windy  day), 
with  four-fifths  ounce  of  potassium  cyanide  per  100  cu.  ft.  (.25 
gram  per  cu.  ft.)  for  35  minutes.  On  August  26thy  it  was  found 
that  the  lower  branches  which  lay  close  to  the  ground  were 
badly  infested  with  living  specimens.  Adjoining  trees  showed 
a  few  living  scales  on  December  7th.  These  were  not  badly 
infested  trees  before  treatment,  and  the  specimens  were  found 
only  on  sides  next  the  previously  infested  tree  showing  quite 
conclusively  that  they  became  infested  from  it. 

In  only  one  other  instance  has  any  trace  of  living  scale  shown 
itself  as  late  as  December  7th.  This  was  on  a  tree  which  was 
slightly  if  at  all  infested  before  fumigated.  Only  three  speci- 
mens were  found.  All  indications  are  that  this  tree  became 
infested  after  treatment,  possibly  from  the  previously  mentioned 
tree,  although  about  ten  rods  to  the  north  of  the  latter. 

As  shown  in  the  discussion  of  diffusion,  it  is  possible  that 
hydrocyanic  acid  gas  was  absorbed  by  the  moist  ground  rapidly 
enough  so  that  individual  scales  on  the  lower  branches  survived 
the  treatment,  but  if  this  was  the  case  similar  results  ought  to 
have  been  obtained  from  some  of  the  other  181  tests  made  on 
peach  with  same  amounts  of  cyanide  of  potassium,  even  though 
all  the  trees  were  not  infested  at  time  of  treatment.  It  seems 
more  probable  that  an  accident  during  fumigation  of  this  one 
tree  must  have  occurred.  Either  the  wind  caused  the  fumigator 
to  lift  frequently  during  the  period  of  exposure,  or  an  error  was 
made  in  the  amount  of  chemicals  used. 

Before  drawing  conclusions  it  should  be  stated  that  the  plums 
found  infested  after  treatment  were  fumigated  after  the  tents 
were  much  the  worse  for  wear  and  badly  in  need  of  reoiling. 
In  fact,  at  time  of  treatment  of  this  small  orchard  there  was 
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always  a  marked  odop  of  hydrocyanic  acid  gas  to  the  leeward 
of  the  trees.  Hence  conclusions  as  to  what  can  be  accomplished 
by  fumigation  with  the  above  gas  should  not  be  based  upon 
results  obtained  with  tents. 

CX>MOLUSIONS. 

Excluding  conditions  where  tents  were  used,  the  results  of 
tests  for  1900-1901  show  that  with  good  covers,  debarring  acci- 
dents and  infestation  from  other  sources,  fumigation  with  hydro- 
cyanic acid  gas  can  be  depended  upon  to  exterminate  the  San 
Jos^  scale,  on  medium  sized  orchard  trees,  over  small  areas. 

Under  favorable  conditions,  the  scales  were  all  killed  by  the 
use  of  .15  gram  per  cu.  ft.  (one-half  ounce  of  potassium  cyanide 
per  100  cu.  ft.),  but  as  shown  later,  at  least  double  this  amount 
should  be  used  unless  the  operator  is  certain  that  all  conditions 
are  favorable. 

AMOUNT  AND  GRADE  OP  CHEMICALS  TO  USE. 

Writers  on  fumigation  with  hydrocyanic  acid  gas  have  recom- 
mended the  use  of  various  formulas.  The  principal  variations 
are  in  the  amounts  of  acid  and  water  used.  Coquillet,^  Marlatt^ 
and  Webster^  have  recommended  the  use  of  one  part  by  weight 
of  potassium  cyanide,  one  part  by  volume  of  sulphuric  acid,  and 
two  parts  by  volume  of  water.  Based  on  the  weight  of  potas- 
sium cyanide,  the  charge  would  be  represented  by  the  formula 
1-1-2.  Smith*  recommends  a  formula  of  1-1-3.  *  Johnson^  and 
Gould^  have  recommended  the  use  of  1-1^-2^;  while  Craw"^  rec- 
ommends l-li-3.  The  author  has  recommended  the  use  of 
1-1^-4.  The  latter  was  based  on  results  obtained  in  all-night 
treatment  of  forcing  houses  and  in  nursery  fumigation,  where 


^Insect  Life,  2:208  (1S90). 

•Year  Book  U.  S.  Dept.  Agr.  1896:228. 

•Ohio  Agr.  Exp.  Sta.  Bui.  103  (2899). 

*Rept.  N.  J.  Agr.  CoU.  Exp.  Sta.,  1897:467. 

»Md.  Exp.  Sta,  Bui.  57:79  (1898). 

•Md.  Exp.  Sta.  Bui.  73:163  (1901). 

'Fourth  Kept  St  Board  Hort.  Oal.  1894:107. 
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the  gas  was  allowed  to  act  for  several  hours,  the  excess  of  water 
being  essential  to  prevent  crystallization  of  by-product. 

The  following  tables  show  tests  made  in  orchard  fumigation 
under  box  fumigators,  hence  should  show  approximately  the 
amounts  of  acid  and  water  to  be  used  to  give  most  uniform 
results  within  shortest  period  of  time  under  varying  field  con- 
ditions. 

The  potassium  cyanide  used  was  what  is  known  by  dealers  as 
"  broken  cyanide  98  per  ct.  pure  "  and  unless  so  stated  no  addi- 
tional labor  or  cost  was  expended  in  order  to  have  it  of  a  definite 
size.  Except  where  indicated,  chemically  pure  sulphuric  acid 
(98  per  ct.,  sp.  gr.  by  test  1.84)  was  used. 

Table  IX. — ^Tests  with  Various  Fobmulab  fob  Fumigation. 
FOBMULA  1-1-2. 
Time  of  Time  of 

RMIlltS. 


KCN. 

H,S04. 

treat- 
H.O.     menr. 

chem. 
aoUon. 

0Z9. 

FLou, 

Flozt,     Min, 

Min. 

7.0 

7.0 

14.0     35.0 

11.0 

KON     In     two     pieces.       By-product 

crystallized  In  30  min.    Temp.  53.5. 
7.0        7.0      14.0    35.0    10.0    KON     in      two     pieces.       By-product 

crystallized,     commercial     sulphuric 

acid. 
7.0        7.0      14.0    30.0    17.0    KON      in      one      piece.       By-product 

crystallized,     commercial      sulphuric 

acid. 
7.0       7.0      14.0    86.0    11.0    KCN    in    two   pieces,    one    large,    one 

small.    Temp.  45**. 
7.0        7.0      14.0    30.0      5.5    KCN  powdered.    Temp.  45». 

FOBMULA   1-1-3. 

4.0       4.0      12.0    30.0         •    Chem.  action  not  complete,  com.  acid. 

6.0        6.0      18.0    35.0  Chem.  action  not  complete,  com.  acid. 

8.0        8.0      24.0    25.0  Chem.  action  not  complete,  com.  acid. 

15.0      15.0      45.0    35.0  Chem.  action  not  complete,  com.  acid. 

some  large  pieces  of  KON. 

6.5        6.5      19.5    30.0  Chem.  action  not  complete,  com.  acid. 

11.25    11.25    35.0    30  Chem.  action  not  complete,  com.  acid. 

some  large  pieces  of  KON. 

4.5       4.5      14.0    30.0  Chem.  action  complete,  com.  acid. 

4.5        4.5      14.0    30.0  Chem.  action  complete,  com.  acid. 

7.0  7.0  21.0  35.0  11.5  Chem.  action  complete,  one  piece  KON. 
11.25    11.25    35.0    60.0  Chem.  action  complete,  com.  acid. 

FORMULA  l-l%-3%. 
11.25    13.0    39.0    30.0      8.0    KON  in  two  pieces.    Com.  acid. 


*  In  ca«M  where  time  of  ehemioAl  action  is  not  giT«n,  tbe  tests  were  made  under  tenU  where 
the  action  ooold  not  be  olMerTed« 
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KCX. 

H.SO*. 

Time 
H«0.  treated. 

Time 
chem. 
action. 

029. 

Fi   0Z9. 

Fl  ozi.  Jfm. 

Min. 

7.0 

8.75 

8.75  30.0 

16.0 

304  Kbport  op  the  Department  of  Entomology  of  thb 

rOBllULA  1-1%-!%, 

Results. 

KCN  Ih  Beveral  pieces.  Chemical  action 
very  slow,  considerable  brown  sedi- 
ment   Com.  acid. 

FORMULA  l-l%-2%. 
7.0       8.75    17.5    85.0      5.0    KCN  powdered,  action  violent  enough 

to  throw  contents  out  of  generator. 

By-product    crystallia&ed    in    1    hour. 

Com.  acid. 
7.0       8.75    17.5    85.0      5.5    Conditions  and  results  same  as  above, 

chemically  pure  acid. 
7.0        8.75    17.5    35.0      4.0    Conditions  and  results  same  as  above. 
7.0        9.0      18.0    35.0      6.5    KCN  no  larger  than  hicliory  nuts,  no 

crystallization. 
7.0       0.0      18.0    85.0    10.0    KCN  in  one  piece.    No  cryetali. 

FORMULA  1-1^-8(6. 

Com.  add. 

Com.  acid. 

Chem.  action  complete,  com.  acid. 

Chem.  action  complete,  com.  acid. 

Chem.  action  complete,  com.  acid. 


11.25 

14.0 

86.0 

80.0 

6.0 

11.25 

14.0 

86.0 

30.0 

8.0 

11.25 

14.0 

86.0 

80.0 

11.25 

14.0 

86.0 

30.0 

11.25 

14.0 

86.0 

30.0 

4.0 

5.0 

15.0 

30.0 

F0BM1 

4.0 

6.0 

15.0 

40.0 

4.0 

5.0 

16.0 

40.0 

7.0 

8.75 

26.25  35.0 

7.0 

7.0 

8.75 

26.25  30.0 

7.5 

Chem.  action  complete,  com.  acid. 
Chem.  action  complete,  com.  acid. 
Chem.  action  complete,  com.  acid. 
KCN  in  one  piece,  chem.  pure  acid. 
KCN  in  two  pieces,  chem.  pure  acid 
7.0  8.75  26.25  30.0  8.0  KCN  powdered,  chem.  pure  acid. 
12.0      15.0      45.0    30.0     12.0 

FORMULA  1 — ^1%— 3. 

7.0      10.5      21.0    30.0      4.0    KCN  powdered,  action  violent  enough 

to  throw  contents  out  of  generator. 

7.0      10.5      21.0    35.0      6.0    KCN    in    one    piece.    First    period    of 

action  uniform. 

7.0      10.5      21.0    85.0      6.0    KCN    in    one    piece.    First   period   of 

action  uniform. 

FORMULA  l-l%-4%. 
7.0      10.5      31.5    35.        0.0    KCN  in  one  piece. 

These  tables  show  that  where  large  pieces  of  potassinm 
cyanide  were  used  in  the  formula  1-1-2,  the  action  was  too  slow 
aud  the  by-product  crystallized  within  a  short  time.    In  some 
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PL.ATB  XV. — Peach   Tree    Fumigated    March   10,   for  30   Minutes,   with  0.75 

GRAM   OF  98  PER  CT.   POTASSIUM   CYANIDE   PER  CUBIC  FOOT. 

(Photographed   May  24.) 
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Plate  XVI.— Peach  Tree  Treated  Same  as  One  in  Plate  XV.  on  April  1.1. 

(Pbotograpbed   May  24.) 
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Plate  XIX. — Fumigator  around  Tree,  Ready  for  Closing. 
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PLATB   XXI. — FUMIOATOR    CLOSED.    RBADT   FOR   DUMPING   CHARGE. 
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cases  the  latter  interfered  with  rapid  emptying  and  refilling  of 
generators.  Where  the  chemicals  were  used  in  the  proportion 
of  1-1-3,  the  action  was  entirely  too  slow  on  the  ordinary  size 
of  broken  cyanide.  In  some  instances  it  was  not  even  complete 
in  the  period  allowed  for  fumigation  of  a  tree. 

The  use  of  equal  amounts  of  acid  and  water,  even  though 
greater  than  the  amount  of  potassium  cyanide,  did  not  give 
increased  chemical  action. 

The  use  of  an  excess  of  acid  and  three  times  as  much  water 
did  not  materially  decrease  the  rate  of  chemical  action. 

In  general  the  table  shows  that  a  slight  excess  of  acid  and 
two  to  four  times  as  much  water  gave  fairly  good  results,  but 
in  cases  where  powdered  potassium  cyanide  was  used  the  chem- 
ical action  was  violent  enough  to  throw  the  contents  out  of  the 
generator. 

OOiNOLUSION. 

It  should  be  observed  that  the  smaller  the  pieces  of  potassium 
cyanide  the  less  time  required  for  chemical  action,  no  matter 
what  ratio  of  acid  and  water  was  used.  By  the  use  of  one  and 
a  half  times  as  much  acid  and  three  times  as  much  water  as  of 
potassium  cyanide,  by  volume,  the  action  was  nearly  as  rapid 
with  large  pieces  as  with  small  pieces  when  used  with  less  acid 
and  water. 

Where  large  quantities  of  potassium  cyanide  are  broken  fine 
there  is  a  waste  not  only  by  decomposition  on  exposure  to  the 
air  but  also  by  its  being  thrown  out  of  the  generator  when 
chemical  action  begins.  Having  it  broken  to  a  definite  size,  as 
some  have  recommended  means  an  additional  expense  of  2  cents 
per  lb.  on  wholesale  price,  but  by  using  the  finely  broken 
potassium  cyanide  and  an  equal  amount  of  sulphuric  acid  by 
volume  the  total  cost  per  charge  of  chemicals  is  the  same  as 
where  ordinary  broken  cyanide  is  used  with  one  and  a  half  times 
as  much  sulphuric  acid  by  volume.  Hence  the  principal  gain 
in  using  the  ordinary  broken  potassium  cyanide  of  the  trade  and 
»  larger  amount  of  sulphuric  acid  is  prevention  of  waste;  at  the 
20 
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same  time  uniform  chemical  action  is  obtained  and  spattering 
avoided. 

Although  the  tests  indicate  that  a  formula  of  l-li-3,  that  is 
1  part  by  weight  of  KGN,  1^  times  as  much  add  and  3  times  as 
much  water  by  volume  as  of  KCN,  gave  best  reactions,  the 
formula  generally  recommended  for  orchard  and  nursery  work, 
viz.:  l-lj-2i,  that  is  1  part  by  weight  of  KCN,  IJ  times  as  much 
acid  by  volume  and  1^  times  as  much  water  as  acid  gave  as 
good  results  under  most  conditions,  hence  if  preferred  can  be 
followed.    If  too  violent  action  results  more  water  can  be  added. 

ABSORPTION  OP  THE  GAS. 

From  results  obtained  in  fumigation  of  forcing  houses,  we 
were  led  to  assume  that  the  hydrocyanic  acid  gas  either  had  a 
tendency  to  bank  or  was  rapidly  absorbed  as  it  came  in  contact 
with  moist  soil. 

Some  tests  made  during  winter  of  1899  and  the  following 
winter  on  diffusion  of  gas  showed  that  about  60  per  ct.  of  the 
gas  was  absorbed  by  the  moist  earth.  These  tests  also  showed 
that  under  cloth-covered  fumigators  the  diffusion  was  quite 
uniform. 

Penny^  has  shown  that  in  the  presence  of  moist  soil  over  50 
per  ct.  of  the  available  gas  present  in  a  cubic  foot  of  space  is 
absorbed.  For  example,  if  .15  grm.,  an  amount  recommended 
for  fumigation  of  nursery  stock  in  closed  boxes,  is  used  in 
orchard  work  where  it  comes  in  contact  with  moist  earth,  only 
.075  grm.  of  this  amount  becomes  available  for  killing  the  scale* 
insects. 

These  conditions,  together  with  failure,  in  some  cases,  to  kill 
all  the  scale-insects  on  low  branches  and  at  base  of  trees,  indi- 
cate that  double  the  amounts  of  KCN  generally  recommended 
for  fumigation  of  nursery  stock  should  be  used  in  orchard  work, 
at  least  iT  complete  extermination  is  the  object  sought.  The 
foregoing  tests  show  that  on  fairly  vigorous  orchard  trees  no 
injury  to  tree  will  result  from  use  of  this  increased  amount  of 
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KCN.  Whether  the  additional  expense  required  will  warrant 
the  use  of  this  amount  should  be  decided  by  the  operator,  and 
in  many  eases  he  can  even  decide  from  the  condition  of  the 
trees  whether  it  is  necessary  to  use  a  heavy  charge. 

APPARATUS. 

TENTS. 

During  1899-1900  two  sizes  of  sheet  tents  were  made  and 
tested  for  orchard  fumigation.  Two  twenty-foot  and  two  thirty- 
foot  tents  ^ere  constructed  at  a  cost  of  f  15  and  f 25  apiece  for 
the  two  sizes,  by  the  Richard  Fitzgerald  Water  Proof  Co.,  38 
South  street,  New  York  city,  on  the  following  plan:  Each  tent 
was  octagonal  in  shape,  the  seams  all  running  to  a  common 
centre,  which  was  strengthened  by  sewing  on  an  extra  piece 
six  feet  square.  A  quarter-inch  rope  was  hemmed  in  to  reen- 
force  the  bottom. 

After  making,  the  tents  were  dipped  in  a  mixture  of  linseed 
oil  and  lampblack  combined  with  some  substance  that  kept 
them  pliable  when  dry.  One  large  tent  was  of  heavy  drill,  the 
other  large  tent  and  the  two  small  tents  were  made  of  sheeting. 

To  protect  the  trees  from  injury  by  the  tents  and  at  same  time 
to  prevent  tearing  the  tents  with  broken  branches,  U  shaped 
bows  were  made  of  iron  pipe  and  used  over  the  trees.  It  was 
thought  these  bows  would  not  only  protect  the  trees  but  be  an 
aid  in  sliding  the  tent  on  and  oflf  the  tree,  as  well  as  give  a  uni- 
form size  and  shape  to  the  enclosed  space.  Three  sizes  of  the 
piping  were  tested,  viz.,  one-fourth,  three-eighth  and  one-half 
inch.  The  first  proved  worthless,  the  three-eighths  answered 
for  the  small  tents,  while  the  one-half  inch  answered  for  all 
purposes.  Three  of  these  bows  were  required  over  each  tree, 
and  in  order  to  manipulate  four  tents  to  advantage,  six  sets  of 
three  each  were  necessary.  The  additional  cost  of  the  bows 
brought  the  cost  of  the  outfit  to  f26  and  |39  each,  for  small 
and  large  tents,  respectively. 

A  method  of  manipulating  the  tents  and  the  arrangement  of 
the  bows  or  arches  are  shown  in  Plate  XVII.    With  a  little  care 
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in  setting,  these  bows  furnished  approximately  the  same  amount 
of  space  for  each  tree,  no  matter  what  the  size  and  shape,  thus 
making  it  unnecessary  to  calculate  the  amount  of  chemicals 
that  must  be  used  for  each,  and  at  the  same  time  prevented 
breaking  branches  and  rubbing  the  buds  from  them.  The  extra 
labor  of  handling  combined  with  their  expense  would  forbid  their 
use  except  in  special  cases.  The  small  gain  in  form,  and  the 
slight  advantage  acquired  by  their  use  for  getting  a  tent  on  and 
off  a  tree  was  too  small  to  be  considered.  They  could  not  be 
used  on  frozen  ground  as  it  was  necessary  to  sink  them  into  the 
ground  one  and  one-half  to  two  feet.  . 

Tents  made  over  thirty  feet  in  diameter  require  special  ap-^ 
paratus  for  handling,  which  adds  to  the  expense  of  the  outfit. 
In  addition  large  tents  increase  rapidly  in  cost  compared  to 
size.  Forty-foot  tents  cost  between  |45  and  |50,  when  made  to 
order. 

BOX  FUMIGATORS. 

PREVIOUSLY  DESGRIBE?D  FORMS. 

One  style  of  box  fumigator,  with  the  method  of  using^and  its 
advantages,  has  been  described  by  V.  H.  Lowe  in  Bui.  No.  181 
of  this  Station,  hence  need  not  be  described  at  this  time. 

The  only  other  form  of  covering  for  orchard  fumigation  that 
has  been  described  and  is  being  used  at  present  time,  which  is 
not  simply  a  variation  of  the  octagonal  tent,  is  the  Emory  fumi- 
gator designed  and  described  by  Prof.  W.  G.  Johnson.^  This  a 
half-box,  half-tent  affair  for  which  it  is  just  as  diflScult  to  esti- 
mate cubic  contents  as  for  a  tent;  furthermore  it  is  more  un- 
wieldly  than  a  tent. 

At  first  Johnson^  claimed  that  his  fumigator  could  be  built 
for  f  12.  An  attempt  was  made  in  1899  to  purchase  a  set  of 
these  fumigators.  The  price  asked  was  f35  each.  In  a  later 
publication^  Johnson  puts  the  cost  of  construction  at  |30  apiece. 


'U.  S.  Dept  Agr.  Dlv.  Ent.  Bui.  No.  20,  n.  s.,  pp.  43-45,  1899. 

•1.  c. 

'Rural  NetC'Torker,  Jan.  20,  1900. 
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A    HEXAGONAL  FOLDING   PUMIGATOR. 

During  the  winter  of  1900-1901,  a  folding  hexagonal  fumiga- 
tor  was  constructed  and  tested. 

In  building  this  fumigator  an  effort  was  made  to  shun  most 
of  the  disadvantages  met  with  in  using  a  tent. 

The  box  designed  and  used  by  Lowe  overcomes  the  disadvan- 
tages of  a  tent  but  has  considerable  waste  space  and  is  an  un- 
wieldly  piece  of  apparatus  to  store  or  move  any  great  distance. 
The  folding  fumigator  was  constructed  with  the  idea  of  having  a 
gas-tight  box  of  constant  capacity,  with  as  little  waste  space  as 
possible  compared  with  its  size,  which  could  be  taken  down  and 
folded,  if  desirable,  stored  in  small  space,  or  conveniently  trans- 
ported from  one  place  to  another.  Like  Lowe's  square  box, 
this  hexagonal  fumigator  can  be  placed  around  a  tree  instead 
of  having  to  be  lifted  over  it  by  means  of  a  derrick,  a  disadvan- 
tage of  the  Emory  fumigator. 

Frame. — ^Two  sizes  of  this  fumigator  were  built,  one  eleven 
and  one-half  and  the  other  twelve  feet  high.  In  form  they  were 
hexagonal,  the  shortest  diameter  being  eight  and  one-half  and 
ten  feet  respectively,  for  small  and  large  size.  Each  side  of 
the  frame  was  made  separately  and  formed  a  rectangular  figure 
6  X 12  ft.  in  the  larger  and  5  x  11^  ft.  in  the  smaller.  The  stiles, 
vertical  strips,  of  each  side  were  made  by  ripping  nine-inch  un- 
dressed spruce  boards  into  four  pieces.  By  making  the  two 
outer  cuts  on  each  board  at  diagonal  the  rails  were  beveled  on 
one  edge  at  an  angle  of  60°.  (See  Fig.  4,  Plate  XXIV).  The 
Litter  was  necessary  in  order  to  have  each  side,  stand  at  the 
proper  angle.  -Hence  the  stiles  were  2^  inches  wide  on  the  out- 
side. If  inches  on  the  inside,  and  1^  inches  thick.  The  top  and 
bottom  rails  and  horizontal  brace  were  of  the  same  material, 
ljx2f  inches.  The  diagonal  braces  were  made  of  1x2  inch 
stuff.  Instead  of  being  mortised  the  stiles  and  rails  were 
mitered  and  firmly  nailed.  To  give  additional  strength  a  tri- 
angular block  w}?s  nailed  into  each  corner.  The  horizontal 
brace  was  I'laced  above  the  center  and  a  diagonal  brace  below 
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the  horizontal  one.    This  was  done  to  bring  all  weifjht  as  near 
the  base  as  possible.    See  Plate  XXIII. 

The  separate  sides  were  hinged  together  in  pairs,  the  hinges 
being  placed  outside;  after  which  two  pairs  were  hinged  to  the 
third,  the  hinges  being  placed  inside.  This  allowed  of  the  fold- 
ing of  the  sides  back  and  forth  on  one-another  so  that  the  whole 
when  closed  occupied  no  more  surface  space  than  did  one  rect- 
angular side.  It  also  permitted  of  the  front  being  opened  as  a 
double  door  to  a  width  equal  to  the  shortest  diameter  of  the 
box.  Two  pairs  of  4-inch  backflap  hinges  were  required  on  each 
pair  of  sides  and  also  for  fastening  the  pairs  together. 

The  top  was  constructed  in  three  parts,  one  rectangular  and 
two  triangular  frames.  Except  in  length  and  braces  the  center 
or  rectangular  portion  of  top  was  made  the  same  as  one  of  the 
sides.  At  first  it  was  only  braced  by  means  of  two  diagonal 
braces;  later  a  triangular  cross-brace  was  added.  See  Fig.  2, 
Plate  XXIV.  This  not  only  prevented  sagging  of  the  cover  but 
raised  it  so  that  water  would  run  off;  at  the  same  time  it  formed 
The  remaining  parts  of  the  top  frame-work  consist  of  two  isos- 
celes triangles,  the  two  equal  sides  of  which  were  of  the  same 
length  as  the  width  of  one  side  of  the  fumigator.  These  triangles 
were  hinged  to  the  rectangular  piece.  By  nailing  a  1x3  inch  rail 
around  outside  the  top  frame  and  tacking  a  small  cleat  on  the 
lower  face  of  this  frame,  a  one-and-a-half  inch  groove  one  inch 
deep  was  formed  which  fitted  top  rail  of  the  side  frames.  See 
Fig.  3,  Plate  XXIV.  Hooks  and  eyes  were  used  to  fasten  the 
top  to  the  side  frames  and  also  to  secure  the  doors. 

This  top  not  only  held  the  frame  in  shape,  but  so  braced  the 
upper  portion  that  it  w'as  only  necessary  to  use  a  few  cross 
braces  near  the  base  to  make  the  whole  rigid.  The  arrange- 
ment of  these  cross  braces  is  shown  in  Fig.  3,  Plate  XXIV. 
They  were  made  of  1  x  2  inch  spruce  held  in  place  by  means  of 
eight-inch  shutter  hinges.  The  latter  allowed  of  the  braces 
being  removed  when  the  fumigator  was  folded.  They  also 
allowed  of  the  removal  of  the  front  brace  when  placing  the 
fumigator  around  a  tree. 
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PL.ATB  XXIII. — Framework   of   HnxAOONAij   Folding    Fuxioator. 
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Cover. — In  all  cases  unbleached  sheeting  was  used  for  cover- 
ing the  frames.  In  order  to  have  as  few  seams  as  possible  nine- 
quarter  cloth  was  used  on  the  twelve-foot  and  eight-quarter  on 
the  eleven-and-a-half  foot  fumigators.  These  widths  required 
but  one  horizontal  seam,  which  in  most  cases  followed  the 
middle  rail;  they  also  permitted  of  an  over-lap  on  the  top-rail. 
For  allowing  an  over-lap  on  the  stile  of  each  door  and  a  slack 
on  two  of  the  hinged  angles,  to  prevent  binding  when  closed, 
twenty-four-and-a-half  and  twenty-and-a-half  yards  in  length 
of  the  above  sizes  were  used  for  the  sides  of  the  two  sizes  of 
fumigators. 

Before  attaching  cover,  all  the  stiles  and  top  rails  of  the  frame 
were  faced  with  strips  of  Canton  flannel.  This  not  only 
strengthened  the  hinged  angles  and  increased  the  packing  sur- 
face for  doors  and  top-joints,  but  also  prevented  wearing  of  the 
cover  on  the  rough  frame-work. 

By  using  three  pieces  of  the  sheeting,  each  a  few  inches  longer 
and  wider  than  the  middle  section  of  the  top-frame,  two  top 
covers  were  made  as  follows:  First,  one  piece  was  cut  length- 
wise into  two  strips  of  equal  width.  Each  strip  was  folded  on 
itself  and  the  ends  sewed  together  after  which  it  was  cut  across 
diagonally  forming  two  triangles.  These  were  sewed  to  the 
sides  of  one  of  the  remaining  rectangular  pieces  completing  the 
cover.  In  a  similar  manner  the  other  strip  was  made  into  two 
triangles,  sewed  to  the  third  rectangular  piece  and  formed  a 
second  cover. 

When  complete  the  cover  was  first  fastened  to  bottom  rail  of 
frame  and  then  stretched  to  top  rail  and  tacked.  In  each  case 
allowance  was  made  for  folds  on  angles  where  necessary,  and 
excessive  horizontal  stretching  avoided. 

The  only  difficulty  in  attaching  cover  to  top-frame  was  on  the 
four  angles  of  the  sides.  Here  a  gore  had  to  be  inserted  to 
allow  opening  of  the  top. 

Two  grades  of  sheeting  were  tested, "  Lockwood  "  nine-quarter 
wide  costing  15f  c,  and  "  Palma  "  eight-quarter  wide  at  IT^c  per 
yard.    The  latter  had  a  firmer  thread  and  was  woven  more 
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closely  than  the  "  Lockwood;"  as  a  result  it  required  less  oil  in 
filling.  Undoubtedly  a  grade  of  sheeting  known  as  "Utica" 
costing  20f c  per  yard  for  nine-quarter  goods  would  have  been 
better  than  "  Palma  "  but  this  would  have  made  the  f umigator 
nearly  as  heavy  as  if  covered  with  duck. 

Filler. — ^After  fastening  cover  to  frame  it  was  painted  with 
the  following  mixture:  Raw  linseed  oil  5  gal.,  lampblack, 
ground  in  oil,  1  lb.,  melted  beeswax  4  lb.  Two  coats  of  filler 
were  required  on  Palma  and  three  on  Lockwood. 

To  make  all  joints  air-tight  the  edge  of  each  door  and  the 
groove  of  the  top-frame  were  lined  with  double  faced  Canton 
flannel.  To  avoid  glazing,  the  Canton  flannel  should  be  put  on 
after  oiling.  Felt  was  tested  for  the  above  purpose  but  cost 
more,  was  not  as  easily  fitted,  did  not  stay  in  place  as  well,  nor 
wear  as  long  as  Canton  flannel. 

Cyanide  holders, — On  the  rear  cross  brace  of  each  fumigator  a 
cigar-box  with  one  end  removed  was  rigged  for  holding  the 
charge  of  potassium  cyanide.  See  c,  Fig.  3,  Plate  XXIV.  A 
string  passing  through  a  very  small  hole  in  one  of  the  rear  verti- 
cal rails  was  attached  to  the  box  in  such  a  manner  that  when 
released  the  contents  were  dumped  into  the  generator. 
Earthenware  stew-kettles  holding  from  one  to  two  gallons  were 
used  as  generators. 

Attachments. — ^For  handling  a  fumigator  four  open-bar  staples 
were  used,  one  being  attached  to  each  side  corner.  These  were 
put  on  with  stove  bolts  and  were  easily  removed  when  fumigator 
was  folded.  By  placing  sixteen-foot  scantlings  under  the 
staples,  four  men,  with  a  little  practice,  could  easily  move  a 
10  X  12  foot  fumigator.    See  Plate  XVIII. 

Large  leather  washers  were  used  where  all  hook  and  eye 
screws  went  through  the  cover,  and  leather  facings  were  used 
under  the  staples.  •     " 

At  first  a  sod-cloth  or  flap  was  attached  around  base  of  fumi- 
gator for  banking  upon  in  same  manner  as  with  tents.  This 
proved  to  be  of  slight  advantage  except  on  very  windy  days 
when  there  was  danger  of  the  fumigator  jumping.    The  soil 
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Plate  XXIV. — ^Detalls  of  fnmigator  construction:  1,  Form  of  famigator  and  mov- 
able braces:  C.  cyanide  holder;  2,  method  of  hinging  and  arrangement  of 
braces  of  top;  t,  triangular  rest  for  lid  and  peak  for  cover;  3,  underside  of 
top,  showing  groove  to  fit  frame;  4,  method  of  ripping  planks  for  stiles. 
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could  be  banked  directly  against  the  f  umigator,  making  as  close 
a  joint  as  when  placed  upon  the  sod-cloth.  As  the  latter  proved 
to  be  very  much  in  the  way  when  moving  the  fumigator  it  was 
removed. 

Coat. — ^The  cost  of  building  a  twelve-foot  fumigator,  not  in- 
cluding labor  of  putting  on  cover  and  oiling  of  same  was  |27, 
while  the  cost  of  the  smaller  size  was  |22.37;  hence  the  entire 
cost  of  building  such  fumigators  ought  not  to  exceed  f30  and 
t25  respectively. 

McmipulcUion. — ^The  method  of  using  and  handling  the  folding 
fumigator  after  treating  a  tree  was  as  follows:  First,  the  front 
lid  of  top  was  unhooked  and  turned  back,  the  doors  were  opened 
next  and  the  front  brace  removed.  By  having  the  open-bar 
staples  placed  at  the  proper  height  the  poles  used  for  carrying 
the  fumigator  rested  upon  the  workmen's  shoulders,  allowing 
them  one  hand  free  for  lifting  branches  or  holding  the  doors 
open.  See  Plate  XVIII.  After  placing  the  fumigator  around  a 
tree  the  charge  of  cyanide  was  placed  in  its  receptacle,  the 
generator  being  placed  beneath  the  latter;  next,  the  brace  was 
replaced,  the  doors  brought  together,  the  lid  closed  and  hooked, 
after  which  the  doors  were  hooked  and  base  of  fumigator 
banked.    See  Plates  XIX,  XX  and  XXI. 

A  light  pole  for  unfastening  hooks  and  opening  lid  proved  use- 
ful. With  the  aid  of  an  anchor  rope  the  same  pole  proved 
handy  for  closing  the  lid  especially  on  the  twelve-foot  fumiga- 
tors. 

Whenever  the  wind  was  not  too  brisk  and  a  fumigator  had  to 
be  moved  but  a  short  distance  it  was  found  unnecessary  to  use 
the  front  brace.  By  the  use  of  all  braces  and  the  addition  of 
anchor  ropes  the  folding  fumigators  could  be  used  on  days  when 
the  wind  was  too  heavy  for  handling  tents;  they  could  also  be 
anchored  and  left  standing  in  an  orchard  over  night. 

With  a  set  of  four  folding  fumigators  and  five  men,  forty  trees 
could  be  fumigated  in  a  day.  In  no  case  was  the  time  of  ex- 
posure less  than  thirty  minutes  and  in  most  cases  it  exceeded 
forty-five   minutes.    With    the    four    fumigators    there    were 
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periods  in  which  sets  of  trees  were  covered,  fumigated  and  un- 
covered in  forty  minutes.  At  this  rate  it  was  estimated  that 
with  the  same  number  of  men  and  six  fumigators  ninety  trees 
could  have  been  fumigated  in  ten  hours.  Possibly  with  a  set  of 
twelve  fumigators  one  operator  with  a  crew  of  eight  men  might 
have  fumigated  one  hundred  and  fifty  to  one  hundred  and  eighty 
trees  in  ten  hours,  but  in  no  case  would  it  be  possible  for  them 
to  fumigate  two  hundred  trees  in  the  same  time. 

Advantdffes. — ^The  principal  advantages  of  this  style  of  fumi- 
gator  lie  in  the  fact  that  it  is  of  constant  capacity  so  that  the 
operator  does  not  need  to  guess  at  size  of  trees  and  vary  the 
amount  of  chemicals  used  for  each;  that  it  can  be  placed  around 
a  tree  and  not  require  a  derrick  to  lift  it  over  the  same,  as  is  the 
case  with  tents  and  the  Emory  fumigator;  that  it  contains  a 
minimum  amount  of  waste  space  compared  to  its  size,  and  can 
be  stored  in  comparatively  small  space.  In  addition  it  has  the 
advantage  of  rarely  breaking  the  trees  or  rubbing  off  the  buds. 

ESTIMATING  CONTENTS  OF  TENTS  OVER  TREES. 

The  method  usually  followed  in  California  has  been  to  esti- 
mate the  height  of  a  tree  and  diameter  through  the  foliage,  and 
from  this  the  amounts  of  chemicals  to  be  used  are  determined 
by  tables  previously  computed.  Johnson^  has  given  a  similar 
table  but  there  is  an  error  in  his  method  of  estimating  the  cubic 
contents  of  tented  trees  with  the  result  that  the  amounts  given 
in  the  table  are  in  most  cases  nearly  double  what  they  should 
be,  providing  he  intended  to  use  but  .20  gram  potassium  cyanide 
per  cubic  foot  as  stated.  The  amounts  given  in  table  show  that 
about  .40  gram  per  cu.  ft.  was  used.  He  gives  the  following 
rule  for  estimating  contents:  "  First,  I  calculated  the  contents 
of  a  cylinder  whose  height  and  diameter  are  the  height  and  di- 
ameter of  the  tree,  then  calculated  the  contents  of  a  sphere 
whose  diameter  is  the  height  of  the  tree.  Then  by  taking  half 
the  difference  and  adding  it  to  the  contents  of  the  cylinder,  I 
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found  my  estimation  was  approximately  correct/'  The 
diameters  given  in  table  indicate  that  the  measurements  were 
taken  through  the  widest  portion  of  the  tree.  Now  a  cylinder 
whose  height  is  the  same  as  the  height  of  a  given  tree  and  its 
diameter  the  diameter  of  the  tree  through  the  widest  portion, 
surely  contains  more  cubic  space  than  could  be  included  under  a 
tent  thrown  over  the  same.  Adding  half  the  difference  between  a 
cylinder  and  a  sphere,  the  height  of  one  and  the  diameter  of  the 
other  being  the  same  as  the  height  of  the  tree,  to  the  contents 
of  the  cylinder,  makes  the  contents  of  the  tented  tree  much  more 
than  they  should  be. 

All  trees,  no  matter  what  their  shape,  when  covered  with  a 
tent  form  approximately  half  a  spheroid  or  ellipsoid,  whose 
major  axis  is  twice, the  height  of  the  tree  and  minor  axis  the 
diameter  of  the  tree  through  its  widest  portion.  In  most  cases 
the  contents  of  the  tent  will  be  slightly  less  than  a  hemispheroid 
of  the  same  height  and  diameter.  Hence  we  have  the  following 
rule  which  is  accurate  enough  in  actual  field  work:  Multiply 
the  height  of  the  tented  tree  by  the  square  of  the  diameter 
through  the  branches,  and  this  product  by  the  constant  .5236.  A 
more  simple  rule  is  to  multiply  the  height  of  the  tented  tree  by 
the  square  of  the  diameter  and  this  by  one-half  the  number  of 
grams  of  potassium  cyanide  to  be  used  per  cubic  foot.  The  prod- 
uct will  be  the  total  amount,  in  grams  of  potassium  cyanide 
required  for  each  tree.  To  reduce  this  to  ounces  divide  by  28.35. 
This  rule  applies  only  to  tented  trees. 

Although  in  itself  the  foregoing  rule  is  simple,  its  application 
is  not  so  easy.  It  is  not  an  easy  matter  to  estimate  the  dimen- 
sions of  a  tented  tree  and  much  depends  upon  the  skill  of  the 
operator  in  fixing  the  size.  > 

Most  tables  are  intended  as  a  guide  for  guessing  at  the  con- 
tents of  a  tented  tree,  although  some  writers  have  failed  to  state 
whether  measurements  should  be  made  before  or  after  tenting 
the  tre$« 
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ESTIMATING  CONTENTS  OP  BOX  FUMIGATORS. 
The  cubic  contents  of  rectangular  boxes  are  easily  computed. 
To  estimate  the  contents  of  a  hexagonal  fumigator,  multiply  the 
width  of  one  side  by  one-quarter  of  the  shortest  diameter,  and 
this  product  by  the  number  of  sides  and  by  the  height;  this  will 
give  the  cubic  contents. 

COMPARISON  OF  VARIOUS  FUMIGATORS. 

Tents. — ^The  principal  advantages  of  tents  for  orchard  fumiga- 
tion are  that  they  require  less  chemicals  and  have  less  waste 
space  than  any  other  form  of  covering,  and  that  they  can  be 
easily  folded  for  storing  or  for  transportation  from  one  place  to 
another.  Their  objectionable  features  lie  in  the  facts  that  the 
space  enclosed  by  them  cannot  be  accurately  estimated;  that 
this  space  and  the  amount  of  chemicals  must  be  determined  for 
each  tree;  and  that  they  rest  directly  upon  the  tree  and  are  liable 
not  only  to  break  the  branches  but  to  rub  off  many  of  the  buds. 
Furthermore,  they  are  apt  to  be  torn  by  the  broken  branches, 
which,  with  constant  abrasion  in  folding,  causes  them  to  leak. 
The  result  is  that  there  is  no  certainty  as  to  the  thoroughness  of 
the  work  done.  When  made  over  30  feet  in  diameter  they  not 
only  require  a  derrick  for  handling,  but  increase  rapidly  in  cost. 
In  addition,  an  expert  is  required  where  tents  are  used,  to  esti- 
mate contents. 

Bow  fumigators. — Box  fumigators^  whether  folding,  opened  by 
removal  of  one  side  or  lifted  bodily  over  a  tree,  have  the  advan- 
tage of  constant  dimensions,  hence  the  amount  of  chemicals  for 
charging  can  be  accurately  estimated  and  need  be  determined 
but  once  for  all.  They  have  the  further  advantage  of  not  rest- 
ing upon  the  tree,  thus  they  rarely  break  the  branches  or  rub 
buds  from  them;  they  are  not  as  apt  to  be  torn,  therefore  give 
more  uniform  results  and  last  longer;  they  have  the  disadvan- 
tage of  requiring  more  chemicals  than  do  tents,  they  are  more 
unwieldy  to  handle,  store  or  move  from  one  orchard  to  another. 


*ThIs  does  not  include  Johnson's  "  Emory  fumigator,** 
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The  hexagonal  folding  fumigator  has  an  advantage  over  all 
other  forms  of  so  called  box  fumigators  in,  that  it  contains  the 
least  amount  of  waste  space,  and  that  it  can  be  folded  into 
small  compass  for  transportation  or  storage. 

For  fumigation  of  deciduous  trees  over  ten  and  under  sixteen 
feet  in  height  hexagonal  folding  fumigators  can  be  constructed 
and  handled  at  less  cost  than  can  tents,  but  the  additional  ex- 
pense for  chemicals  required  by  the  folding  fumigator  would 
probably  more  than  counterbalance  the  difference. 

All  forms  of  covers  used  in  orchard  fumigation  have  a  dis- 
advantage in  that  there  is  a  limit  to  the  size  which  can  be 
handled.  As  yet  no  single  cover  has  been  devised  for  trees  over 
20  feet  high.  Marlatt^  states  that  citrus  trees  30  feet  high  are 
fumigated  in  California  by  using  two  sheets,  one  overlapping  the 
other.  (It  should  be  noted  that  he  describes  the  handling  of 
these  tents  by  means  of  25-foot  poles  with  tackle.  It  is  a 
mechanical  impossibility  to  use  tackle  of  this  size  on  trees  over 
25  feet  high.)  Lapping  one  sheet  over  the  other  and  making  a 
tight  joint  may  be  possible  on  citrus  trees  and  thorough  enough 
for  ^'  black  scale,"  but  could  not  be  made  to  work  on  deciduous 
trees  for  San  Jos^  scale. 

It  is  not  advised  that  any  one  attempt  the  building  and  hand- 
ling of  folding  fumigators  over  16  feet  high  and  never  more  than 
10  feet  in  diameter  or  with  6-foot  sides.  We  believe  that  fumi- 
gators with  5  foot  sides  and  15  or  16  feet  high  can  be  handled  as 
easily  as  the  12  foot  fumigators  with  6-foot  sides.  When  con- 
structed over  12  feet  high  spruce  rails  cannot  be  used  for  stiles. 

COST  OP  FUMIGATION. 

So  many  factors  have  to  be  taken  into  account  in  estimating 
the  expense  of  fumigating  trees  in  an  orchard,  that  it  is  only 
possible  to  give  an  approximate  estimate  of  cost.  Even  this 
must  be  conditioned  not  only  by  style  of  fumigating  outfit  used, 
but  also  by  size  and  shape  of  tree  to  be  fumigated  as  well  as  the 
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varying  price  of  chemicals  and  the  distance  they  have  to  be 
shipped. 

Johnson  states  that  chemicals  cost  from  six  to  seven  cents  for 
trees  12  to  17  feet  high.  Apparently  this  estimate  is  based  on 
pear  trees. 

By  nsing  a  uniform  charge  of  .25  gram  of  potassium  cyanide 
per  cubic  foot  and  one  and  a  half  times  as  much  acid  by  volume, 
the  chemicals  to  fumigate  a  low-grown  peach  tree  10  feet  high 
by  means  of  a  tent,  in  our  work  cost  lOJ  cents,  while  the  chemi- 
cals for  the  same  tree,  when  the  11^  foot  folding  f umigator  was 
used,  cost  15  cents. 

With  an  outfit  of  four  tents  or  four  folding  fumigators,  the 
labor  required  to  fumigate  a  tree  cost  16  cents,  making  a  total 
of  26i  and  31  cents  per  tree  respectively.  The  expense  of  labor 
in  each  case  is  based  upon  the  cost  of  one  head  operator  and 
four  helpers  all  employed  by  the  day,  also  on  condition  that  this 
force  fumigate  fifty  trees  in  a  day  of  ten  hours,  allowing  40 
minutes  for  each  tree.  It  was  estimated  that  with  an  outfit  of 
six  tents  or  the  same  number  of  folding  fumigators,  the  same 
force  could  fumigate  90  trees  in  a  day,  in  which  case  the  cost  of 
labor  per  tree  would  have  been  reduced  to  9  cents  each,  or  a 
total  of  19^  and  24  cents  respectively  for  tents  and  fumigators. 

The  foregoing  does  not  include  cost  of  outfit.  At  a  rough  esti- 
mate six  tents  costing  |150  could  by  patching  and  re-oiling  be 
made  to  last  long  enough  to  fumigate  one  thousand  trees. 
Hence  the  cost  of  outfit  for  each  tree  would  be  15  cents  making 
a  total  cost  per  tree  of  34^  cents.  (Chemicals  10^  cents,  ap- 
paratus 15  cents  and  labor  9  cents.)  The  total  cost  per  tree 
cannot  be  computed  on  same  basis  for  folding  fumigators,  for 
with  the  same  amount  of  patching  and  care  in  handling,  the 
tatter  would  last  indefinitely. 

As  shown  under  "  Absorption  of  Gas  "  it  is  best  in  orchard 
fumigation  to  use  at  least  .30  gram  of  potassium  cyanide  per 
cubic  foot  of  space,  or  about  one  ounce  for  every  100  cubic  foot. 
The  cost  of  chemicals  will  be  proportionately  increased,  being 
about  12i  cents  for  tents  and  18  cents  for  folding  fumigators 
for  trees  12  feet  high. 
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STABLE  MANURE  AND  NITROGENOUS 

CHEMICAL  FERTILIZERS  FOR 

FORCING  LETTUCE .♦ 


8.  A.  BBAOH  AND  H.  HASSBLBRINa. 

SUMMARY. 

In  the  experiments  here  reported  nitrogenous  commercial  fer- 
tilizers were  compared  with  each  other  as  to  their  effect  on  the 
forcing  of  lettuce.  The  particular  forms  in  which  they  were 
tested  were  dried  blood,  nitrate  of  soda,  dried  blood  and  nitrate 
of  soda  combined,  and  sulphate  of  ammonia.  With  each  of  these, 
acid  phosphate  and  muriate  of  potash  were  used  in  quantities 
designed  to  exceed  the  needs  of  the  crop. 

The  use  of  these  commercial  fertilizers  without  stable  manure 
resulted  in  a  decided  increase  in  yield  over  crops  on  correspond- 
ing untreated  soil  but  proved  inadequate  for  forcing  the  lettuce 
in  a  sufficiently  short  time  to  be  profitable.  On  the  clay  loam 
with  no  stable  manure  a  better  yield  was  generally  obtained 
where  nitrate  of  soda  was  used  than  where  either  sulphate  of 
ammonia  or  dried  blood  was  used.  On  the  sandy  soil  the  results 
with  dried  blood  were  generally  superior  to  the  results  with  the 
Ditrate  of  soda  or  sulphate  of  ammonia.  With  sulphate  of 
ammonia  the  results  were  very  variable. 

Dried  blood  combined  with  the  smaller  percentage  of  manure, 
gave,  in  the  aggregate,  better  results  than  either  nitrate  of  soda 
or  sulphate  of  ammonia  similarly  combined. 

The  best  crops  were  grown  where  the  soil  was  fertilized  with 
stable  manure. 
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Those  portioDB  of  »oil  which  received  applicatione  of  5  per  ct. 
of  manure  in  combination  with  the  commercial  fertilizers  always 
showed  a  very  great  increase  in  yield  over  corresponding  soils 
which  were  treated  only  with  the  commercial  fertilizers.  Fur- 
ther increase  in  the  manure,  however,  was  not  followed  by  a 
corresponding  increase  in  the  yield. 

When  soils  similar  to  those  under  test  are  used  for  the  first 
time  for  forcing  a  crop  of  lettuce,  much  more  manure  may  doubt- 
less be  used  with  profit  than  would  be  profitable  where  manure 
has  been  used  abundantly  with  previous  crops. 

Where  the  use  of  manure  is  continued  year  after  year  on  soil 
originally  not  rich  enough  to  force  good  lettuce  the  optimum 
amount  may  be  expected  to  decline  first  towards  10  per  ct., 
eventually  to  approach  5  per  ct. 

The  amount  of  manure  which  may  be  used  with  good  economy 
in  forcing  lettuce  varies  with  the  character  of  the  soil  and  of 
the  manure,  and  ateo  with  the  differences  in  prices  received  for 
fancy  lettuce  and  ordinary  lettuce.  For  these  reasons  no  definite 
amount  can  be  recommended. 

Repeated  applications  of  excessive  quantities  of  manure  to  the 
same  aoil  are  not  good  economy.  Manure  is  thus  wasted  and 
the  yield  may  be  reduced. 

Where  large  amounts  of  manure  were  incorporated  in  the  soil 
for  forcing  lettuce  the  yield  was  increased  by  compacting  the 
soil.  This  shows  that  unfavorable  effects  which  follow  excessive 
applications  of  manure  may  be  caused  in  part,  at  leaat,  by 
thereby  loosening  thie  soil  so  much  as  to  put  it  in  an  unfavorable 
mechanical  condition  f6r  the  lettuce  plant. 

The  clay  loam  used  in  these  experiments  has  always  proved 
superior  to  the  light  sandy  loam  for  forcing  lettuce  when  both 
were  fertilized  with  equal  amounts  of  stable  manure. 

INTRODUCTION. 

In  forcing  lettuce  may  nitrogenous  commercial  fertilizers  be 
used  profitably  either  with  or  without  the  addition  of  stable 
manure?   This  is  a  question  of  considerable  importance  to  those 
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who  are  engaged  in  growing  lettuce  under  glass.  In  preparing 
the  fioil  for  forcing  lettuce  it  is  not  unusual  for  market  gardeners 
to  cover  it  from  2  to  3  inches  deep  with  manure  and  then  work 
the  manure  in.  Some  growers  recommend  applications  1  or  2 
inches  deep.^  If  another  lettuce  crop  is  to  follow  the  first  one 
immediately,  another,  though  perhaps  less  heavy,  application  of 
manure  is  made  a»  soon  as  the  first  crop  is  removed.  In  some 
lettuce  houses,  and  especially  in  those  of  modern  type,  the  soil 
is  not  often  renewed  and  the  repeated  heavy  applications  of 
manure  supply  it  with  humus  and  plant-food  in  great  abundance. 
May  there  not  be  an  extravagant  use  of  manure  under  teuch 
circumstances? 

One  of  the  authors  reports  in  Bulletin  146  of  this  Station  some 
investigations  bearing  on  this  point.  It  is  there  shown  that  the 
amount  of  manure  which  may  be  profitably  used  in  forcing  let- 
tuce varies  with  different  soils;  also  that  the  u«e  of  excessive 
quantities  of  manure  has  a  detrimental  effect  on  the  crop  as 
compared  with  more  moderate  use.  It  appears,  therefore,  that 
many  gardeners  in  trying  to  make  the  soil  very  rich  for  forcing 
lettuce  overdo  the  matter  and  not  only  waste  that  portion  of  the 
manure  which  exceeds  the  requirements  of  the  crop  but  reduce 
the  yield  heUno  that  which  would  be  given  on  the  same  kind  of  sail 
with  les8  mcm/ure. 

On  subsequent  pages  there  is  given  an  account  of  our  inves- 
tigations bearing  upon  the  economical  use  of  manure  in  forcing 
lettuce  and  also  upon  the  question  of  profitably  combining  nitrog- 
enous commercial  fertilizers  with. stable  manure  or  substituting 
them  for  it  in  forcing  this  crop.  Before  passing  to  the  consid- 
eration of  this  work  it  will  be  well  to  inquire  what  has  been 
previously  published  on  the  subject. 

PREVIOUS  INVESTIGATIONS. 

Scarcely  any  mention  of  fertilizer  experiments  on  lettuce 
under  glass  is  found  in  European  literature.  The  investigations 
on  this  subject  which  have  thus  far  been  reported  have  been 


^Amer,  Qard,,  Supplement  of  Jan.  22,  1808;  Rural  N,  7.,  1898 :87t 
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almost  wholly  confined  to  American  agricultural  experiment 
stations.  The  most  important  results  of  these  investigations  are 
summarized  in  the  following  paragraphs.  Mr.  F.  H.  Hall  has 
kindly  assisted  in  preparing  this  summary. 

In  experiments  in  1888-9  by  Maynard,*  on  lettuce  under  glass, 
tnuriate  and  sulphate  of  potash,  nitrate  of  soda,  milphate  of 
ammonia  and  dissolved  bone  black  were  used  on  two  crops;  the 
same  fertilizers  and  nitrate  of  potash  on  a  third  crop.  These 
were  applied  dissolved  in  water,  but  the  amounts  used  and  the 
character  of  the  soil  are  not  stated.  Mildew  affected  all  plats, 
the  nitrate  of  soda  plat  worst. 

Sulphate  of  ammonia  gave  the  best  lettuce  with  two  crops, 
but  a  decidedly  inferior  product  for  the  third  crop.  Nitrate  of 
soda,  and  both  muriate  and  sulphate  of  potash  were  of  no  bene- 
fit; even  apparently  injurious  in  some  crops,  the  results  with 
sulphate  being  quite  unfavorable.  Bone  black  gave  conflicting 
results.  The  single  test  with  nitrate  of  potash  showed  apparent 
•benefit. 

In  1892  Green*  applied  various  nitrogenous  fertilizers  to  let- 
tuce and  other  greenhouse  crops  on  a  rich  compost,  using  double 
the  amount  applied  in  outdoor  work.  No  benefit  was  obtained, 
thus  showing  that  the  limitations  of  these  fertilizers,  so  far  as 
stimulating  plant  growth  on  such  soil  is  concerned,  are  narrower 
than  some  had  supposed. 

In  1892-3  Goessmann*  grew  lettuce  under  glass  on  a  sandy 
loam  very  low  in  humus  and  fertilizing  ingredients.  Commer- 
cial fertilizers  and  chemicals  yrere  used  in  various  combinations, 
each  box  receiving  the  same  amount  of  nitrogen,  potash  aiird 
phosphoric  acid,  the  last  always  in  dissolved  bone  black. 

Maynard's  results  with  muriate  of  potash  were  confirmed  by 
the  strikingly  unfavorable  influence  shown  by  it  in  these  tests; 
but,  contrary  to  his  experience,  potash  in  the  simple  sulphate 
or  the  magnesia  sulphate  gave  the  most  satisfactory  growth. 


^Maynard,  S.  T.    Mass.  Hatch  Sta.  Bui.  10:1-^  (1890). 

•Green,  W.  J.    Ohio  Sta.  Bui.  43:100,  101. 

^Goessmann,  O.  A.    Mass.  State  Bta.  Ann.  Bept.  1893:241-261« 
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In  the  following  year,  where  a  combination  of  phosphate  of 
ammonia  and  sulphate  of  potash  was  used,  supplying  the  soil 
.0004  per  ct.  of  potash  and  .0001  per  ct  each  of  phosphoric  acid 
and  nitrogen,  the  seed  did  not  germinate  well  nor  the  plants 
grow  vigorously. 

Sulphate  of  ammonia  in  combination  gave  poorer  results  in 
every  case  than  the  other  forms  of  nitrogen.  As  in  previous 
tests,  the  results  with  muriate  of  potash  were  less  favorable 
than  those  with  the  sulphate.  Carbonate  of  potash-magnesia  with 
dissolved  bone  black  and  dried  blood  or  with  double  superphos- 
phate and  nitrate  of  soda  gave  very  satisfactory  growth.  Goess- 
mann  concludes  that  soluble  saline  compounds  should  not  be 
used  in  excess  in  lettuce  fertilizers,  especially  not  under  glass. 

Jenkins  and  Britton^  report  interesting  data  on  the  amount  of 
nitrogen  taken  from  the  soil  by  forced  lettuce  and  the  quantity 
necessary  to  supply  in  fertilizers  to  meet  this  demand.  The  soil 
used  was  sifted  anthracite  coal  ashes  mixed  with  5  per  ct.  of 
peat  moss  and  fertilized  with  sufficient  quantities  of  chemicals. 
Simpson  White-seeded  Tennis  Ball  lettuce  was,  after  two  trans- 
plantings,  grown  to  maturity  on  this  medium. 

The  lettuce  was  of  good  quality,  though  not  claimed  to  be 
equal  to  the  best  grown  in  rich  natural  soil.  The  time  of  growth 
is  not  stated.  The  draft  on  the  soil  by  the  entire  plants  of  1000 
heads  of  lettuce  thus  grown  was  282.6  grams  nitrogen,  87.7 
grams  phosphoric  acid  and  621  grams  potash.  To  meet  this 
demand  would  require  fertilizers  equivalent  to  1105  lbs.  per 
acre  of  nitrate  of  soda,  331  lbs.  dissolved  bone  black  and  394  lbs. 
muriate  of  potash. 

In  1897  Watts*  published  a  report  of  some  experiments  in 
which  nitrate  of  soda  gave  good  results  when  applied  three 
times  to  loose  lettuce  in  pots.  It  was  applied  to  each  pot  at  the 
rate  of  i  oz.  dissolved  in  one-half  pint  of  water,  making  the  total 
amount  for  the  season  1|  ozs.  per  plant. 

'Jenkins  and  Britton.    Comi.  State  Sta.  Ann.  Rept  1880:9ft-€tL 
*W«tt%  S.  U    T^DiL  Agr.  Bn>-  Bta.  BuL,  X,  2:27« 
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Jenkins  and  Britton^  continued  the  experiments  previously 
noted  and  found  that,  on  the  coal-ash  and  peat-moss  soil,  1.8 
grams  nitrogen,  .56  grain  phosphoric  acid  and  3.03  grams 
potash  per  square  foot  gave  as  good  results  as  larger  amounts. 
This  is  equivalent  to  1079  lbs.  nitrate  of  soda,  320.4  lbs.  dis- 
solved bone  black  and  582.8  lbs.  muriate  of  potash  per  acre. 
The  mixture  of  coal  ashes  with  5  per  ct.  of  peat  moss  gave  larger 
yields  than  coal  ashes  alone,  but  was  not  equal  to  mixtures 
containing  9  to  12  per  ct.  of  moss.  None  of  these  mixtures 
gave  as  much  or  as  good  lettuce  as  compost  soil  (sod  and  manure 
rotted)  with  the  same  amounts  of  fertilizers.  Head  lettuce  and 
loose  lettuce  gave  the  best  results  on  rich  compost  soils  without 
either  lime  or  chemical  fertilizers.  The  results  on  the  limed 
plats  were  better  than  on  the  chemical  fertilizer  plats. 

In  1900  these  authors^  report  much  better  crops  from  compost 
without  chemical  fertilizers  than  from  the  coal-ash  and  peat-moss 
mixtures  with  such  fertilizers.  On  this  artificial  soil  nitrogen  in 
ground  bone  gave  best  results;  in  cotton-seed  meal,  poorer 
results.,  and  in  nitrate  of  soda  poorest  results.  The  authors 
believe  that  the  poor  texture  of  both  the  coal-ash  and  peat-moss 
mixture  and  the  compost  make  it  impossible  to  produce  on  them 
lettuce  of  the  best  quality.  The  character  of  the  compost  is 
not  given. 

Stuart,*  in  the  winter  of  1896-7,  used  chemical  fertilizers  in 
growing  lettuce  on  a  black  loam  soil  unfertilized  for  several 
years  and  believed  to  be  quite  deficient  in  plant-food.  Different 
plats  were  supplied  liberally  with  muriate  of  potash  alone  or 
in  combination  with  either  or  both  dissolved  bone  black  and 
nitrate  of  soda.  A  loose  lettuce,  Grand  Rapids,  was  grown  on 
all  plats.  The  watering  was  by  sub-irrigation.  The  muriate 
alone  or  with  nitrate  of  soda  gave  unfavorable  results,  as  in 
tesits  of  Maynard  and  Goessmann;  but  the  muriate  with  dis- 
solved bone  black  gave  a  marked  increase  in  the  crop.    The 


» Jenkins  and  Britton.     Conn.  State  Exp.  Sta.  Rept.  1899:224r-22a 
•Conn.  State  Sta,  Rept.  1900:208-301. 
•Stuart,  Wm.    Ind.  Sta.  Bui.  66  (Oct,  18»7). 
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results  were  similar,  though  less  marked,  for  the  muriate  in 
combinations,  when  a  second  crop  was  grown  on  the  same  plats 
without  additional  fertilizer;  but  the  injurious  effect  of  the 
muriate  alone  had  worn  off,  apparently,  for  the  yield  with  it  waa 
greater  than  on  the  check  plats. 

Nitrate  of  soda  with  both  muriate  of  potash  and  dissolved 
bone  black  appeared  beneficial^  instead  of  injurious  as  when 
combined  with  muriate  alone. 

In  this  connection  the  results  of  Brooks  and  Thomson's^®  field 
experiments  with  onions  are  of  interest.  They  found  that  lim- 
ing the  soil  or  the  free  use  of  dissolved  bone  black  overcame  the 
unfavorable  effects  from  the  continued  use  of  muriate  of  potash 
alone  or  the  moi*e  unfavorable  results  when  it  is  used  with 
nitrate  of  soda.  The  presence  of  sulphate  of  lime  in  the  dis« 
solved  bone  black  probably  accounts  for  the  corrective  influence 
of  the  latter. 

Experiments  at  this  Station^  from  1895  to  1898  devoted  prin- 
cipally to  the  merits  of  different  soil  mixtures  for  forcing  lettuce, 
were  also  planned  to  show  the  effects  of  some  different  fertil- 
izers. On  a  soil  containing  15.5  per  ct.  by  weight  (25  per  ct.  by 
bulk)  of  manure,  nitrate  of  soda  gave  a  slight  increase  in  growth, 
but  when  the  soil  contained  33  1-3  pep  ct.  of  manure,  the  use  of 
the  nitrate  made  no  better  growth. 

Acid  phosphate,  600  lbs.  per  acre,  and  sulphate  of  potash,  400 
lbs.,  did  not  increase  the  crop  on  the  15.5  per  ct.  manure  soil; 
but  doubling  these  amounts  of  phosphoric  acid  and  potash  gave 
later  maturing  and  slightly  heavier  heads  of  lettuce  than  the 
manure  alone.  The  addition  of  33  1-3  per  ct.  of  manure  to  sandy 
loam  soil  resulted  in  poorer  crops  of  lettuce  than  were  grown  on 
the  same  soil  with  commercial  fertilizers.  On  clay  loam  the 
manure  gave  excellent  crops  better  than  the  fertilizers  without 
manure.  The  cumulative  effect  of  fertilizers  was  not  studied, 
the  soils  being  renewed  each  year. 

'*Brooks,  W.  p.,  and  Tlkomsan,  H.  M.  Mass.  Hatch  Sta.  Ann.  Rept. 
1S91:108-112. 

"Beach  S.  A.  N.  Y.  Agrl.  Bxp.  Sta.  BuL  146:151-179;  also  Ann  Eept 
1898:461-491. 
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In  Jordan's^  experiments  in  New  Jersey,  extending  from  1896 
to  1899,  seven  crops  were  grown  on  a  prepared  soil  (3  parts  tnrfy 
loam,  2  parts  manure  and  1  part  sand),  on  clay  soil  and  on  sandy 
loam.  The  fertilizer  plats  all  received  muriate  of  potash,  200 
lbs.  per  acre,  and  acid  phosphate,  350  lbs.,  with  320  lbs.  nitrate 
of  soda  or  equivalent  nitrogen  in  sulphate  of  ammonia  or  dried 
blood.  The  prepared  soil  alone  gave  one-fifth  better  results  than 
the  same  soil  with  fertilizers,  and  was  not  equalled  by  the  other 
soils,  fertilized  or  unfertilized.  The  use  of  lime  on  the  prepared 
soil  decreased  the  yield  12  per  ct.,  but  increased  the  yield  where 
chemicals  were  used. 

Card^^  in  1899,  grew  lettuce  in  pots,  with  results  indicating 
that  chemicals  would  give  as  good  lettuce  as  stable  manure.  In 
1900  he  grew  three  crops  on  the  greenhouse  bench  and,  in  coop- 
erative work,  two  crops  on  a  solid  bed  in  a  commercial  forcing 
house.  Chemical  ferilizers  were  far  behind  stable  manure  in 
yields  produced,  even  on  soil  lightened  by  adding  moss  and  sand. 
In  the  commercial  house,  presumably  on  a  rich  loam  soil,  with  a 
layer  of  manure  under  the  soil  a  top  dressing  of  bone  black, 
nitrate  of  soda,  muriate  and  sulphate  of  potash  gave  better 
lettuce  than  a  top  dressing  of  manure.  In  a  second  test  this 
combination  with  ground  bone  in  place  of  bone  black  gave  better 
results  than  acid  phosphate,  nitrate  of  soda  and  sulphate  of 
potash  combined  or  any  two  of  them  together. 

In  continuing  his  experiments,  Stuart"  used  much  smaller 
proportions  of  muriate  of  potash  than  in  former  tests.  Little 
difference  was  observed  between  the  muriate  and  sulphate  when 
they  were  used  with  raw  bone  meal  alone  or  with  the  bone  meal 
and  nitrate  of  soda;  and  the  difference  favored  the  muriate. 

The  stable  manure  tests  are  especially  interesting  in  connec- 
tion with  the  experiments  to  which  this  bulletin  is  devoted. 
Black  loam  soil  deficient  in  plant-food,  fertilized  with  acid  phos- 


" Jordan,  A.  T.    N.  J.  Agrl.  Exp.  Sta.  Kept  1899:149-150. 
'•Card,  P.  W.    R.  I.  Sta.  Repts.,  1899:135,  and  1900:252. 
"Stuart,  Wm.    Ind.  Sta.  BoL  84  :  115-142  (1900).    See  also  Amer.  Gard. 
21:94. 
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phate  alone  or  in  combination  with  either  nitrate  of  soda  or 
muriate  of  potash  or  both,  all  in  liberal  quantities,  did  not  give 
as  good  a  crop  as  a  soil  made  of  sod  composted  with  one-fourth 
its  bulk  of  stable  manure;  but  where  a  very  heavy  application 
of  raw  bone  meal  was  made  the  yield  was  7  per  ct.  greater  than 
with  the  compost.  The  acid  phosphate,  muriate  of  potash  and 
nitrate  of  soda  combination  gave  a  yield  nearly  equal  to  that  on 
the  compost,  but  with  the  other  applications  the  yield  was  much 
reduced. 

In  the  next  experiment  the  black  loam  soil  was  mixed  with  an 
equal  bulk  of  stable  manure,  and  gave  a  considerably  better  crop 
than  was  secured  from  the  use  of  raw  bone  meal  alone  or  com- 
bined with  either  nitrate  of  soda  or  muriate  of  potash,  but  a 
poorer  yield  than  that  from  the  three  fertilizers  combined. 

Nine  different  fertilizers  or  fertilizer  combinations  were 
tested  in  the  next  experiment.  Manure  made  up  half  the  bulk 
of  one  soil,  five-eighths  that  of  another.  In  the  first  crop  both 
manured  soils  gave  poorer  yields  than  any  other  fertilizer  or 
combination;  in  the  second  crop,  on  the  unchanged  soils,  the 
pots  containing  one-half  manure  ranked  seventh  in  yield,  those 
containing  five-eighths  manure,  first.  The  comparatively  slight 
differences  in  the  higher  yields  of  the  previously  mentioned  ex- 
periments might  be  attributed  to  differences  in  the  kind  of  plant- 
food  or  to  variations  in  vigor  of  the  plants.  Some  other  ex- 
planation must  be  given  for  the  great  deficiency  in  yield  on  the 
manure  pots  in  the  first  crop  in  this  test,  especially  since  one  of 
the  manured  soils  without  more  plant-food  gave  the  largest 
yield  in  the  second  crop.  The  extremely  low  yields  with  manure 
in  the  first  crop  parallel  some  of  our  results  showing  deleterious 
effect  when  excessive  quantities ,  of  manure  were  used,  with 
superior  results  from  less  manure. 

For  immediate  results  nitrate  of  soda  did  better  than  dried 
blood,  but  where  a  second  crop  was  grown  without  repeating  the 
application  of  the  fertilizers  the  dried  blood  gave  the  better 
results. 


Digitized  by 


Google 


OUR  INVESTIGATIONS  FROM  1898  TO  1901. 


GENERAL  CONDITIONS. 


OBJECT   OF  TESTS. 

We  have  called  attention  on  pages  323  and  327  to  the  methods 
of  using  stable  manure  which  are  often  practiced  by  gardeners 
in  forcing  lettuce  and  to  the  investigations  bearing  upon  this 
subject  which  were  published  in  Bulletin  146  of  this  Station. 
The  experiments  which  are  now  reported  form  a  portion  of  the 
series  of  investigations  begun  in  1895  concerning  the  selection 
and  preparation  of  soils  for  forcing  lettuce  and  the  economical 
use  of  stable  manure  and  commercial  fertilizers  for  this  crop. 
In  the  fall  of  1898  the  experiments  were  directed  to  the  question 
of  the  use  of  nitrogenous  fertilizers.  It  was  decided  to  try  com- 
mercial nitrogenous  fertilizers  for  forcing  lettuce  both  with  and 
without  stable  manure.  Director  Jordan  assisted  in  formulat- 
ing the  plans  for  testing  these  fertilizers.  His  counsel  has  also 
been  sought  at  various  times  during  the  progress  of  the  work. 
In  the  fall  of  1900  Mr.  Hasselbring  became  associated  in  the 
work.  He  has  assisted  in  taking  notes  and  in  preparing  this 
account  of  the  experiments  for  publication. 

THE  HOUSE. 

The  experiments  were  conducted  in  the  forcing  house  which 
had  been  used  for  the  preceding  investigations.    Its  arrange- 
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ment  is  illastrated  and  partly  desoribed  in  Bnlletin  146,^  It  is 
of  iron-frame  construction  and  is  so  arranged  that  the  condi- 
tions of  light,  heat  and  ventilation  may  be  kept  remarkably  uni- 
form throughout.  The  portion  used  for  the  plants  is  separated 
from  the  walls  by  walks.  The  plants  were  grown  in  boxes  ar- 
ranged on  benches  as  indicated  in  the  diagram  opposite.  The 
numbers  in  this  diagram  correspond  to  the  soil  treatment  num- 
bers given  in  Table  IV. 

THE  BOXES. 

In  testing  the  action  of  particular  factors  upon  plants  it  is 
essential  that  all  conditions  be  under  the  best  possible  control 
so  that  the  other  factors  which  are  not  being  tested  shall  be  uni- 
form. At  the  same  time  it  is  desirable  that  the  conditions  of  the 
experiment  conform  to  ordinary  horticultural  practice  so  far 
as  this  can  be  done  without  lessening  the  reliability  of  the  test. 
It  was  decided  that  these  conditions  could  best  be  fulfilled  in 
these  experiments  by  growing  the  plants  in  small  wooden  boxes. 
These  have  an  advantage  over  benches  or  sections  of  benches 
in  that  plants  receiving  similar  treatment  may  be  distributed  in 
various  locations  in  the  house.  With  such  an  arrangement  there 
is  a  tendency  to  equalize  in  the  average  results  any  inequalities 
which  may  exist  in  the  environment  in  diflferent  locations  in  the 
house.  Moreover  boxes  may  be  easily  handled  for  weighing  or 
photographing.  The  boxes  were  made  15  x  15  x  8  inches  inside. 
They  were  not  filled  quite  to  the  top  and  some  space  at  the 
bottom  was  occupied  with  gravel  for  drainage  so  that  the  soil 
in  each  box  was  about  7  inches  deep,  which  is  not  far  from  the 
depth  of  soil  ordinarily  found  on  greenhouse  benches.  The 
boxes  easily  accommodate  four  lettuce  plants,  one  near  each 
corner. 

THE  SOILS. 

Both  a  medium  clay  loam  and  a  very  light  sandy  loam  were 
used  in  these  experiments.  Each  particular  treatment  as  n^gards 

»N.  T.  Agr.  Szp.  Sta.  BuL  146  :  162  and  PI.  II;  Anik  Rept  188S  :471  and 
PI.  XUV, 
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fertilizers  was  tried  upon  both  kinds  of  soil.^^  The  clay  loam 
was  composed  of  rotted  sod  from  an  uncultivated  field.  The 
sandy  loam  was  from  the  side  of  a  cultivated  field  where  part  of 
it  had  been  drifted  by  winds.  It  could  not  support  nearly  so 
heavy  a  sod  as  the  clay  loam,  and  contained  less  humus  and 
also  less  nitrogen,  phosphoric  acid  and  potash,  as  the  following 
analyses  show.  These  analyses  were  made  by  Messrs.  W.  H. 
Andrews  and  A.  D.  Cook. 

Table  I. — Analyses  of  the  Clay  Loam  akd  the  Sandt  Loail 

(AIB  DBIED   SAMPLES.) 

Nitrosen.  Pboepborio  mUL.  Potash. 

SolL                                                    (N.)                     (P.O..)  (K,0.) 

Per  ei.                  Per  ct.  Per  U, 

Clay  loam.... 0.215               0.075  0.409 

.Sandy  loam 0.052               0.007  0.121 

NiraOGBNOUS  FBJRTILIZETRS  TESTED. 

In  these  tests  organic  nitrogen  was  used  in  the  forms  of  stable 
manure  and  dried  blood,  and  inorganic  nitrogen  in  the  forms  of 
nitrate  of  soda  and  sulphate  of  ammonia.  These  are  among  the 
most  important  nitrogenous  fertilizers  of  commerce.  The  chem- 
ical fertilizers  just  mentioned  were  tried  both  with  and  without 

^*  These  soils  were  similar  to  those  used  in  the  work  of  1897-^,  air-dried 
samples  of  which,  as  determined  by  official  methods,  gave  the  following 
analyses.    (See  Bui.  146  and  Ann  Rept  1808.) 

Tabls  a.— Chbmical  Anai^tsbb  of  Clat  Loam  axid  Sakdt  Loam. 
(CROP  of  1897-8.) 

Ph06- 

phorlo 

Molfttare.  Nitrosen.  acid.  Potuh  Lime.  OrcmntA 

8«U.                            (H,0.)  (N.)  (P,0..)  (K.O.)  (CaO.)  matter. 

Peret.  PereL  Peret.  Peret.  PercL  Per  ei. 

Clay  loam  18.3  .237  .OCT  .318  1.022  7.81 

Clay   loam,    water-free 0.  .236  .077  .368  1.179  9.01 

Sandy  loam   14.0  .076  .111  .083  .3iS  2.68 

Sandy  loam,  water-free 0.  .087  .129  .097  .399  3.12 

TABUD    B.— llSCHANIGAL    AKALYSBS   OF    CLAT   LOAM   AITD   SANDT   LOAM. 

(crop  of  1897-8.) 

Clay  Loam.  Handy  loam. 

Per  et.  Per  ce 

Fine  gravel 8.32  0.51 

Coarse   sand 6.20  0.69 

Medium  sand 20.71  9.49 

Pine  sand 48.46  77.60 

Very  fine  sand .94  2.44 

Silt 7.96  1.60 

Fine   eilt 1.64  1.23 

Clay 9.86*  8.79t 

Organic  matter 7.02  2.76 

*  Including  1.89  unsettled  clay,    t  Including  1.03  unsettled  clay. 
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SANDY  LOAM.  CLAY   LOAM. 

Fio.  1.  Nbithbr  Commbrcial  Fbrtilizbrs  nor  Stable}  Manure. 


SANDY  LOAM.  CLAY    LOAM. 

Fio.  2.  Commercial  Fertilizers  But  No  Manure. 

Plate  XXVI.— Crop  of  lOOO-'Ol. 
(rhotograpbed  a  few  days  before  harvesting.) 
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8ANDT   XjOAU.  CLAT   LOAM. 

Fig.  1.  CoMMBRCiAL  Fbrtiuzbrs  and  6  Psm  Ct.  Manurs. 


&ANDT   LOAM.  CLAT   LOAM. 

FlO.   2.    COMMBRCIAL    FBRTILIZBRS   AND   10   PER    CT.    MANURB. 


8ANDT   LOAM.  CLAT    LOAM. 

FlO.   3.    COMMBRCIAL   FBRTILIZBRS   AND    20    PBR    Ct.    MANURB. 

Platb  XXVII.— Crop  of  1900-'01.  I    ^    --. 

(Photojrraphed  a  few  days  before  barvestl^^gd  by  V^OOQlfe^^ 
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Fio.  1.  Nbithbr    CoMMBoiciAL.   Fertiljzbrs    nor    Stablji    Manurb. 


FlO.   2.    COMMBRCIAL.    FBRTILIZBRS    BUT    NO    STABLB    MaNURB. 

PI4ATB  XXXI.— Crop  of  18^'9,  on  Sandy  Loam. 
(Photographed  about  three  weeks  before  harretting.) 
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Fio.  1.  Commercial.  Fbrtiljzbrb  and  5  pbr  Ct.  Manurb. 


Fia.  2.  Commercial.  Fertilizers  and  10  Per  Ct.  Manure. 

Plate  XXXI I.— Crop  op  1898-'9,  on  Sandt  Loam. 
(Photographed  about  three  weeks  before  harvesting.) 
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Fia.  1.  On  Sandy  Loam. 


Fig.  2.  On  Glat  Loam. 

Pljltb  XXXIII.— Crop  op  1808-'9.     Commhrcial.  Fjvrtilizbrb  with  20  Per  Ot. 

Manubb. 
(Photographed  about  three  weeks  before  harvesting.) 
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FlO.    1.    COMMBRCIAL.    FBRTIUZBRS    AND    10    FBR    CT.    MANURE. 


FlQ.    2.    COMMBTRCIAL.    FBRTILJZER8    AND    5    PER    CT.    MANURE. 

Plate  XXXIV.— Crop  of  1808-'0.  on  Clay  Loam. 
(Photofirraptaed  about  three  weeks  before  harvesting.) 
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Fig.  1.  Commercial  Fertilizers  but  no  Manure. 


Fig.  2.  Neutheui  Ck>MMBRCLAL  Fertilizers  Nor  Stable  Manure. 

Plate  XXXV.— Crop  of  1898-'9,  on  Clay  Loam. 
(Photographed  about  three  weeks  before  harvesting.) 
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stable  manure,  the  latter  being  nsed  in  diflferent  amounts  on 
different  portions  of  soil.  Although  stable  manure  is  very  rich 
in  nitrogen  it  contains  other  kinds  of  plant-food  including 
important  amounts  of  phosphoric  acid  and  potash.  Besides  this 
it  adds  humus  to  the  soil  and  changes  its  physical  condition  in 
such  a  way  as  to  modify  the  soil  fertility.  For  these  reasons  it 
cannot  be  classed  aB  a  simple  nitrogenous  fertilizer,  and  there- 
fore is  not  comparable  as  such  with  the  other  nitrogenous  ferti- 
lizers above  mentioned. 

In  previous  tests  where  manure  constituted  33  1-3  per  ct.  by 
weight  of  the  soil  no  increased  growth  followed  the  application 
of  nitrate  of  soda  but  where  it  constituted  but  15.5  per  ct.  of 
the  weight  the  addition  of  nitrate  of  soda  was  followed  by  some 
increase  in  the  crop.  In  view  of  these  facts  it  was  decided  to 
try  the  nitrogenous  chemical  fertilizers  on  soils  containing  15 
per  cL  by  weight  of  stable  manure  and  compare  the  results  with 
those  obtained  with  similar  applications  to  similar  portions  of 
soil  having  greater  amounts  of  manure  and  to  others  having 
less.  For  the  first  crop,  therefore,  manure  in  combination  with 
chemical  fertilizers  was  used  on  different  portions  of  soil  at  the 
rate  of  5  per  ct.,  10  per  ct.,  15  per  ct.  and  20  per  ct.  by  weight, 
and  on  still  other  portions  without  chemical  fertilizers  at  the 
rate  of  33  1-3  per  ct.  by  bulk.  In  the  last  mentioned  instance 
part  of  the  soil  was  compacted  very  firmly  and  the  rest  left  loose 
without  being  shaken  or  packed  at  all,  the  object  being  to  note 
to  what  extent  the  growth  might  be  influenced  by  the  difference 
in  mechanical  condition  of  the  same  soil  mixture  which  was 
thus  produced. 

For  comparison  with  these,  other  portions  of  soil  were  given 
similar  applications  of  the  chemical  fertilizers  only,  while  still 
others  received  nothing.  To  each  portion  except  the  last  and 
those  which  received  one-third  manure  by  bulk,  phosphoric  acid 
and  potash  were  added  in  liberal  quantities. 

The  applications,  whether  of  manure  or  of  chemical  fertilizers^ 
were  repeated  in  each  instance  for  each  suc<^eeding  crop  of  let- 
tuce in  the  B9,JW  amounts  a«  at  first  except  that  after  the  first 
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crop  the  manure  was  applied  at  the  rate  of  5  per  et.,  10  per  ct, 
15  per  ct.  and  20  per  ct.  by  bnlk,  instead  of  by  weight.  In 
order  that  the  cumulative  effects  of  the  treatments  might  be 
seen  the  soil  was  in  no  case  renewed  from  1898  till  1901« 

PREPARATION  OP  SOIL. 

The  clay  loam  was  thoroughly  mixed  before  being  separated 
into  the  various  portions  to  be  used  in  the  experiments.  In  this 
way  its  composition  was  rendered  as  uniform  throughout  as 
possible.  The  sandy  loam  was  similarly  treated.  Whenever  a 
portion  of  soil  was  to  receive  an  application  of  manure  this 
was  made  for  the  first  crop  before  it  was  measured  into  the 
boxes,  but  for  the  following  crops  it  was  made  to  each  box 
separately.  Three  boxes  were  filled  from  each  portion  except 
those  portions  which  were  mixed  with  one-third  manure  by  bulk. 
From  each  of  the  latter  four  boxes  were  filled,  the  soil  in  two 
being  packed  firmly  and  in  the  other  two  left  loose  as  already 
explained.  Where  commercial  fertilizers  were  used  they  were 
applied  to  each  box  of  soil  separately  as  hereafter  described. 

FERTILIZERS. 

Th€  matmre. — ^The  manure  was  well  rotted  horse  manure.  For 
the  first  crop  it  was  applied  to  different  portions  of  soil  at  the 
rate  of  5  per  ct.,  10  per  ct,  15  per  ct.  and  20  per  ct.  by  weight, 
and  33^  per  ct.  by  bulk,  but  for  the  succeeding  crops  it  was 
used  at  the  rate  of  5  per  ct.,  10  per  ct.,  15  per  ct.,  20  per  ct. 
and  33^  per  ct.  by  bulk,  as  has  already  been  stated.  This  also 
appears  in  the  table  on  p.  337. 

The  average  weight  per  cubic  foot  of  clay  loam  when  prepared 
for  the  first  crop  was  about  68  pounds,  and  for  the  sandy  loam 
about  70  pounds.  The  area  of  each  box  was  225  square  inches; 
the  contents  of  the  part  occupied  by  the  soil  was  1575  cubic 
inches.  From  these  data  the  following  table  is  derived.  It 
shows  for  both  the  clay  loam  and  the  sandy  loam,  the  different 
percentages  of  manure  by  weight  with  the  corresponding  per- 
centages by  bulk,  the  rate  per  acre  in  cords  and  in  tons,  and  the 
depth  to  which  the  manure  would  cover  the  soil  when  spread 
evenly  over  the  entire  surface. 
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Tablb  II. — ^Pbopobtions  to  Soil  and  Amounts  Pxb  Aobx  or  Manure 

Used. 


crop  of 

1898-99. 

Kind  of  SOIL 

Proportion    Proportion 
by  weighl.      by  bulk. 

Rate  per  aore. 

Depth  on 

•oU. 

Frra. 

Peru. 

Cordi. 

Tons. 

Jim. 

Clav  loam 

5 

11% 
22% 

2S^ 

43+ 

0.79% 
1.58% 

x^ai*^      *^^**'»i*  ••••••••1 

10 

44+ 

8&I- 

15 

34 

67+ 

129+ 

2.38 

20 

45% 

89+ 

172+ 

3.17% 

14.7+ 

33% 

m- 

126+ 

2.33% 

Sandy  loam 

5 

11.72f 

23+ 

44+ 

0.82+ 

10 

2S,4U 

40f 

8&+ 

1.64+ 

15 

35.1^ 

96+ 

133+ 

2.46+ 

20 

4e.8Sf 

92f 

177+ 

B.2S¥ 

14. 2f 

33% 

66+ 

126+ 

2.38% 

CROPS  OF  180^1000  AND  1900-1901. 

KiodofBofl. 

Proportion 
by  bulk. 

Depth  on 

•oU. 

Amonnt  per  acre. 
18M-1M0.                  1000-01. 

Perct. 

Ins, 

Cords. 

Tons. 

Tons. 

Clay  loam  aud  sandy  loam . .        6 

.35 

9.90 

16.8+ 

17.58+ 

10 

.70 

19.80 

33.6+ 

35.17+ 

15 

1.05 

29.70 

50.4+ 

52.76+ 

20 

1.40 

39.60 

67. 2f 

70.35+ 

33% 

2.33% 

66.00 

111.0+ 

117.26+ 

Enough  manure  to  supply  all  the  demands  of  the  different 
portions  of  soil  was  passed  through  a  sieve  of  1-inch  x  IJ-inch 
mesh,  the  rough  parts  were  discarded,  and  it  was  all  thoroughly 
mixed  before  any  portion  of  the  soil  was  manured.  This  was 
done  to  secure  as  uniform  composition  as  possible.  The  re- 
quired portion  of  soil  was  then  weighed  out  or  measured  by 
volume  according  to  the  requirements  of  each  particular  case, 
the  manure  was  added  and  both  were  thoroughly  mixed  together 
before  any  commercial  fertilizers  were  added. 

ApplicatUm  of  commercial  fertilizers. — The  required  amounts  of 
the  commercial  fertilizers  were  weighed  out  for  each  box  of  soil. 
The  exact  amount  of  soil  required  for  the  box  was  spread  upon 
a  clean  cement  floor  A  part  of  the  commercial  fertilizers  were 
scattered  upon  it;  the  pile  was  then  well  mixed  and  more  of  the 
fertilizers  added.  This  process  \^a8  repeated  till  the  applica- 
tion of  the  fertilizers  was  complete.  After  still  further  mixing, 
the  soil  was  put  into  the  box  designed  for  it. 
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Excepting  those  which  were  left  untreated  for  checks,  the 
boxes  were  each  given  potash,  phosphoric  acid  and  nitrogen  in 
the  form  of  commercial  fertilizers.  The  potash  was  always 
added  in  the  form  of  the  sulphate  at  the  rate  of  400  lbs.  per  acre; 
the  phosphoric  acid  in  the  form  of  acid  phosphate  at  the  rate  of 
600  lbs.  per  acre;  the  nitrogen  in  dried  blood  and  nitrate  of  soda 
either  combined  or  separately,  or  in  sulphate  of  ammonia.  The 
different  combinations  of  commercial  fertilizers  in  which  nitro- 
gen was  applied  are  shown  in  the  following  statement: 

Tablb  IIL — Combinations  of  CoMMERciAii  Fertilizebs  in  which  Nitbo- 

GBN  WAS  Applied. 

Amomit  per  acre 

Salphste  Salphate 

of  Add  Drlad       Nitrate  of  of 

SeilM.  potash.        phosphate        blood.  soda.  ammonia. 

Lb9.  Lba.  Lbg.  Lbt.  Lbt. 

Dried  blood 400  600  1000  0  0 

Nitrate  of  soda 400  600  0  600  0 

Dried  blood  and  nitrate  of 

soda 40O  600  850  100  0 

Sulphate  of  ammonia 400  600  0  0  480 

The  actual  potash  thus  applied  was  in  each  case  204+  lbs. 
per  acre;  of  actual  phosphoric  acid  9&f  lbs.;  of  nitrogen  in  the 
dried  blood  series  99+  lbs.;  in  the  nitrate  of  soda  series  91+  lbs.; 
in  the  dried  blood  and  nitrate  of  soda  series  99+  lbs.  and  in  the 
sulphate  of  ammonia  series  100+  lbs.  It  is  clear  that  the  supply 
of  potash  and  phosphoric  acid  was  in  each  case  the  same  and 
of  nitrogen  approximately  the  same,  being  a  little  less  in  the 
nitrate  of  soda  series  than  in  the  others.  Any  marked  varia- 
tions in  the  results  with  the  different  series  may  therefore  sig- 
nify a  difference  in  the  action  of  the  nitrogenous  fertilizers 
which  are  to  be  compared. 

Commercial  fertiUzera  a/nd  stable  maware  combined  or  used  sepa- 
rately,— Each  series  of  the  nitrogenous  fertilizers  mentioned 
above  was  used  alone  and  also  in  combination  with  different 
amounts  of  stable  manure,  both  on  the  clay  loam  and  on  the 
sandy  loam.  In  some  of  the  check  boxes  stable  manure  was 
also  tried  without  any  commercial  fertilizers  on  sandy  loam  and 
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on  clay  loam  at  the  rate  of  one-third  of  the  bulk  of  the  soil; 
and  in  others,  as  has  already  been  stated,  neither  commercial 
fertilizers  nor  stable  manure  was  used.  All  of  this  is  shown 
in  the  following  statement: 

Table  IV. — Showing  the  Tbeatmbnts  of  the  Various  Portions  of  Son.. 


Sdl  treatment 
naraber. 

Stable 

manure. 

Commercial  fertilisers 

Rate 

per  acre  for  fiaoh  crop. 

CUy 
lotm. 

Sandy 
iMun. 

1899>'0O 
im8'-99.  and  1990- 
Propor-  '01.   Pro- 
tlon  by    portion 
weight,  by  balk. 

Snlpbate 
of  potash. 

Add 
phos- 
pbatB.      , 

Dried 
blood. 

Nitrate 
of  soda. 

Snlpbate 

of 
ammonia. 

Perrt. 

FercL 

Lbs. 

Lbs. 

Lbs. 

Lbs, 

Lbs, 

1 

10 

0 

0 

400 

600 

1000 

0 

0 

2 

20 

0 

0 

400 

600 

0 

600 

0 

3 

21 

0 

0 

400 

600 

850 

100 

0 

4 

22 

0 

0 

400 

600 

0 

0 

480 

5 

23 

5 

5 

400 

600 

1000 

0 

0 

e 

24 

6 

5 

400 

600 

0 

600 

0 

7 

25 

5 

5 

400 

600 

850 

100 

0 

8 

28 

10 

10 

400 

600 

1000 

0 

0 

9 

27 

10 

10 

400 

600 

0 

600 

0 

10 

28 

10 

10 

400 

600 

850 

100 

0 

11 

29 

10 

10 

400 

600 

0 

0 

480 

12 

30 

15 

15 

400 

600 

1000 

0 

0 

13 

31 

15 

16 

400 

600 

0 

600 

0 

14 

32 

15 

15 

400 

600 

850 

100 

0 

15 

33 

'    20 

20 

400 

600 

1000 

0 

0 

16 

34 

20 

20 

400 

600 

0 

600 

0 

17 

35 

20 

20 

400 

600 

850 

100 

0 

18 

36 

20 

20 

400 

600 

0 

0 

480 

37 

38 

0 

0 

0 

0 

0 

0 

0 

41 

89 

« 

33% 

0 

0 

0 

0 

0 

42 

40 

m 

33% 

0 

0 

0 

0 

0 

•  To  the  portions  of  soil  which  were  nnmbered  89,  40, 41  and  i%  the  mannre  waa  alwaya  applied 
at  tb«  rate  of  3H  por  et.  by  bnlk.  In  1808-99  this  waa  eqniTslent  to  li  7  per  ot.  by  weight  onthe 
clay  loAin  and  14.2  per  ct.  on  the  aandy  loam..  See  Table  II. 

8BLBCTING  AND  PLANTING  THB>  SH7BD. 

The  seed  was  selected  and  planted  with  the  utmost  care  to 

secure  plants  as  uniform  as  possible  in  natural  vigor  and  habit 

of  growth.    To  this  end  selection  was  also  made  of  the  little 

plants  soon  after  the  first  leaves  expanded.    Pour  plants  were 

22  J 
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grown  in  each  box,  one  near  each  comer.  Holes  for  the  seeds 
were  made  one-half  inch  deep  by  means  of  a  marker  designed  for 
this  express  parpose.  About  a  dozen  large  plnmp  seeds  were 
planted  in  each  hole,  and  covered  evenly  with  fine  earth.  After 
germination  all  but  the  most  vigorous  plants  were  discarded. 
By  this  method  good  plants  were  selected.  These  were  not 
transplanted  but  grew  where  the  seeds  were  planted,  undis- 
turbed till  they  were  harvested.  Although  transplanting  is  not 
necessarily  injurious  to  lettuce  nevertheless  there  is  always  a 
risk  that  some  of  the  plants  may  not  pass  through  the  operation 
as  successfully  as  others.  Where  the  plants  are  under  experi- 
ment, therefore,  transplanting  should  be  avoided;  because  it  is 
liable  to  introduce  disturbing  factors. 

In  case  a  plant  under  experiment  was  accidently  injured  or 
died  prematurely  its  place  was  immediately  filled  with  another 
plant  of  the  same  kind  and  age,  grown  for  the  purpose  of  meet- 
ing such  an  emergency,  so  that  the  number  of  plants  in  each 
box  might  be  kept  un'form  during  the  entire  period  of  growth 
and  the  portion  of  soil  availuule  to  each  plant  under  experiment 
might  be  kept  as  uniform  as  possible. 

WATBRINO. 

Hydrant  water  from  the  city  supply  was  applied  to  the  surface 
whenever  the  plants  needed  it.  No  attempt  was  made  to  meas- 
ure the  quantity  used.  The  small  percentage  of  plant-food  sup> 
plied  in  the  water  ma.v  be  disregarded  in  such  experiments  as 
those  under  consideration.  After  the  heads  began  to  form,  the 
water  was  applied  around  the  plants  and  wetting  the  heads  was 
avoided  as  much  as  possible.  Where  water  is  applied  to  the 
heads  the  leaves  are  apt  to  hold  more  of  it  than  readily  evapo- 
rates and  thus  conditions  favorable  to  the  development  of  rot 
are  obtained. 

Up  to  the  time  when  the  leaves  covered  the  soil,  cultivation 
followed  watering  as  soon  as  the  ground  was  fit.  This  k«pt 
down  weeds  and  conserved  soil  moisture. 
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The  watering  was  usually  done  early  enough  in  the  day  to 
have  the  atmosphere  dry  at  night.  On  bright  days  the  atmos- 
phere was  made  moist  by  wetting  the  walks  and  floors,  and  the 
plants  were  syringed  lightly  if  they  showed  a  tendency  to  wilt. 

VENTILATION  AND  TEMI*BRATURB. 

The  ventilation  was  managed  so  as  to  avoid  cold  draughts 
and  sudden  changes  in  temperature.  The  greatest  care  was 
required  to  prevent  tipburn  after  the  plants  began  to  head.  On 
a  bright  day  following  a  period  of  dull  dark  weather  the  temper- 
ature was  constantly  watched  and  especial  care  taken  to  hold 
it  nearly  as  low  as  it  had  been  on  the  dark  days  and  at  the 
same  time  the  atmosphere  was  kept  moist  by  following  the 
method  above  described. 

The  night  temperature  was  kept  between  45°  and  55°;  the 
day  temperature  from  60°  to  65°  in  dull  weather,  but  on  sunny 
days  it  was  allowed  to  run  up  to  70°,  During  the  period  of 
germination  and  also  just  before  the  plants  matured  :he  temper- 
ature was  kept  somewhat  lower  than  it  was  during  the  season  of 
more  active  growth. 

HARVESTINQ  THE  OROP. 

The  crop  was  not  cut  till  the  earliest-maturing  heads  had  fully 
developed  into  prime  marketable  condition.  Then  the  wholr 
crop  was  cut.  The  loose  lettuce  and  head  lettuce  were  not  cut 
at  the  same  time,  however,  because  the  crops  did  not  mature 
at  the  same  time.  In  1890-00  the  head  lettuce  was  cut  about 
two  weeks  before  it  would  have  matured,  as  explained  in  the 
notes  for  that  crop. 

Each  head  was  weighed  as  soon  as  it  was  cut,  before  it  had  a 
chance  to  lose  weight  by  evaporation.  Full  records  were  made 
of  the  character  of  the  plant,  including  its  weight.  The  limits 
of  this  report  will  not  permit  the  publication  of  all  these  data, 
but  so  much  of  them  is  given  as  appears  necessary  to  establisb 
the  facts  brought  out  by  the  investigation. 
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NOTES  ON  CROPS. 
SEASON  OF  1898-99. 

Rawson  Hothonse,  a  variety  of  head  lettuce,  was  nsed  alone 
for  the  crop  of  1898-99.  The  seed  was  sown  Dec.  30,  1898. 
Germination  began  to  show  Jan.  6.  The  plants  were  thinned 
after  the  manner  already  described  till  but  one  was  left  in  each 
place.  Within  a  month  after  planting  it  was  evident  that  on  the 
check  soils  the  lettuce  was  suffering  from  lack  of  food.  The 
plants  were  stunted  and  the  foliage  bronzed.  In  the  clay  loam 
without  manure  the  use  of  commercial  fertilizers  resulted  in  a 
somewhat  better  growth,  but  the  plants  were  not  always  as  good 
in  color,  nor  were  they  in  nearly  so  vigorous,  growing  condition 
as  the  plants  on  soils  treated  with  manure.  The  differences 
between  these  plants  and  those  on  corresponding  soils  which 
received  manure  was  very  marked.  On  the  latter  soils  the 
plants,  although  yet  small,  were  healthy  and  growing  rapidly. 
These  differences  became  more  pronounced  as  the  plants 
developed. 

The  entire  crop  was  harvested  Apr.  3.  Each  plant  was  cut 
at  the  surface  of  the  ground  and  immediately  weighed.  The 
average  weight  per  plant  for  each  of  the  different  treatments 
and  the  ratio  of  the  yield  to  the  yield  on  the  corresponding 
check  soil  are  shown  in  the  table  on  page  345.  It  was  apparent 
that  the  use  of  the  commercial  fertilizers  did  not  force  the  crop 
as  rapidly  to  maturity  as  did  the  stable  manure,  although  it 
resulted  in  a  decided  gain  in  yield  as  compared  with  the  check 
soils.  The  addition  of  even  the  least  amount  of  manure  which 
was  used,  5  per  ct.  by  weight,  showed  a  striking .  increase  in 
the  crop.  Thus,  while  the  12  heads  of  lettuce  from  the  soil 
which  received  dried  blood  but  no  manure  averaged  0.75  oz. 
per  head,  the  12  heads  on  corresponding  soil  to  which  5  per  ct. 
of  manure  was  added  weighed,  on  the  average,  4.13  ozs.  per 
head.  This  increase  is  all  the  more  significant,  borause  the  for- 
mer had  received  in  commercial  fertilizers  far  more  plant  food 
than  a  full  crop  contains.    It  indicates  that  the  groper  use  of 
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stable  manvre  gives  distinct  advantages  for  forcing  crops  aside 
from  the  available  plant-food  which  is  thereby  added  to  the  soil. 
In  this  crop  the  yield,  as  a  rule,  increased  with  each  increase  of 
manure,  although  not  to  a  corresponding  degree.  With  succeed- 
ing crops  the  yield,  where  the  larger  amounts  of  manure  were 
used,  oftentimes  was  less  than  that  obtained  with  smaller 
amounts,  as  we  shall  see  later.  The  soils  which  received  manure 
only,  at  the  rate  of  one-third  their  bulk,  and  which  were  packed 
firmly  into  the  boxes,  gave  a  better  yield  than  any  other  por- 
tions; better  even  than  those  which  received  as  much  or  more 
manure  combined  with  commercial  fertilizers.  Less  increase 
was  seen  with  the  corresponding  loose  soil,  but  even  in  this 
case  the  yield  on  the  sandy  loam  exceeded  that  where  more 
manure  was  used  in  combination  with  commercial  fertilizers, 
and  on  the  clay  loam  it  exceeded  that  obtained  with  an  approxi- 
mately equal  amount  of  manui'e  combined  with  the  commercial 
fertilizers. 

The  relative  value  of  the  different  forms  of  the  nitrogenous 
commercial  fertilizers  shown  on  the  soils  where  no  manure  was 
used  did  not  hold  good  when  these  fertilizers  were  combined 
with  the  stable  manure.  The  addition  of  even  5  per  ct.  by  weight 
(11^  per  et.  by  bulk)  of  the  manure  obscured  the  individual  action 
of  the  nitrogenous  commercial  fertilizers.  Those  who  wish  to 
follow  the  results  in  this  line  more  fully  are  referred  to  the  data 
set  forth  in  Tables  V  to  IX. 

Where  manure  was  used  the  crop  on  the  sandy  loam  was  very 
much  below  that  obtained  with  similar  treatment  on  the  clay 
loam.  The  soils  which  received  no  manure  show  an  interesting 
exception  to  this  with  this  crop  but  not  with  succeeding  crops. 
See  Tables  V  to  IX. 

SBASON  OF  1899-1900. 

The  experiments  in  1899-1900  were  conducted  on  the  same 
general  plan  as  those  of  the  preceding  year.  The  few  changes 
mentioned  below  were  introduced.  The  same  soil  was  used.  It 
was  prepared  by  dumping  the  box,  adding  to  the  soil  the  stable 
manure  or  commercial  fertilizer,  if  any  was  required,  and  after 
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tlioroughlj  mixing  returning  it  to  the  same  box.  The  quantities 
of  manure  were  reduced  from  5  per  ct.,  10  per  ct.,  15  per  ct.,  or 
20  per  ct.  by  weight,  to  5  per  ct.,  10  per  ct,,  15  per  ct.,  or  20  per 
ct.  by  bulk,  respectively.  See  Table  II.  This  made  the  actual 
amount  considerably  smaller  than  that  given  to  the  same  box 
for  the  previous  year.  So  far  as  influencing  the  experiment 
)S  concerned,  it  need  only  be  said  that  the  relative  amounts 
added  to  the  different  series  remain  the  same.  Moreover,  the 
composition  of  the  manure  varied  in  the  different  seasons.  The 
total  amount  added  to  any  particular  box  may  be  easily  calcu- 
lated. In  experiments  of  this  kind  the  exact  amount  of  plant- 
food  available  to  each  plant  or  sot  of  plants  cannot  be  accurately 
determined.  All  that  is  expected  is  to  know  the  kind,  relative 
amounts  and  composition  of  the  plant-food  which  is  added  to  the 
various  portions  of  soil  under  experiment. 

A  further  change  consisted  in  the  use  of  a  loose  lettuce,  the 
Grand  Rapids,  in  addition  to  the  Rawson  Hothouse  head  lettuce, 
two  plants  of  each  variety  being  grown  in  each  box. 

The  seed  was  planted  Oct.  7,  in  the  same  manner  a^  before. 
Germination  began  to  appear  Oct.  13.  The  loose  lettuce  was  all 
cut  Jan.  15  and  16.  The  crop  could  not  be  held  longer  without 
having  the  most  advanced  plants  begin  to  deteriorate. 

The  head  lettuce  was  harvested  Jan.  30.  It  was  not  then 
mature;  but  for  lack  of  strict  attention  to  ventilation  and  water- 
ing during  a  period  of  sunshine  following  dull  weather,  tipburn 
had  made  its  appearance.  The  crop  was  at  once  harvested  for 
fear  that  rot  might  follow  the  tipburn  and  vitiate  the  results 
of  the  work. 

Some  of  the  facts  established  both  by  observation  of  the  grow- 
ing plants  and  by  the  weights  of  the  different  yields  are  given 
in  the  following  statements: 

As  to  the  effect  of  commercial  fertilizers  when  used  without 
manure,  the  nitrate  of  soda  gave  best  results  on  the  clay  loam. 
Sulphate  of  ammonia  gave  much  the  best  results  with  loose  let-' 
tuce  on  the  sandy  loam  and  waa  unsurpasi^  with  the  head 
lettuce.    It  should  be  noticed,  however,  that  this  was  an  excep- 
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tionally  good  record  for  the  sulphate  of  ammonia  when  used 

without  manure  and  it  was  not  in  accord  with  its  record  either 

with  the  preceding  or  the  following  crop  except  where  it  was 

used  in  combination  with  lime. 

Both  kinds  of  lettuce  did  better  on  the  clay  loam  than  on  the 

sandy  loam.    This  is  very  noticeable  with  the  check  crops.    The 

check  crop  on  the  clay  loam  exceeded  that  on  the  sandy  loam  in 

the  ratio  of  7  to  1. 

SEASON  OP  1900-01. 

The  experiments  in  1900--01  followed  the  linee  of  the  preceding 
year's  work  except  that  one  box  of  the  three  included  in  each 
soil  treatment  was  given  one  ounce  of  air-slaked  lime  when  the 
soil  was  mixed.  Occasional  tests  of  the  soil  made  previously  had 
failed  to  discover  any  acidity,  but  it  was  desirable  to  learn 
whether  or  not  the  repeated  application  of  the  commercial  fer- 
tilizers had  brought  about  unfavorable  conditions  which  the  lime 
would  correct.  The  ufie  of  the  lime  was,  almost  without  excep- 
tion, followed  by  more  or  less  unfavorable  results.  In  some 
cases  the  yield  was  but  slightly  decreased,  in  most  casea  it  was 
noticeably  decreased  and  in  a  few  cases  the  yield  wafl  not  even 
half  that  obtained  on  the  unlimed  soils.  Where  nitrate  of  soda 
was  applied  without  manure  to  sandy  loam  and  where  sulphate 
of  ammonia  was  used  without  manure  on  the  clay  loam,  the 
limed  soils  gave  somewhat  better  yields  than  those  not  limed. 

The  seed  was  planted  in  the  usual  manner  Sept.  28.  The  head 
lettuce  came  through  all  right  but  for  some  reason  not  under 
stood  the  loose  lettuce  did  not.  It  was  replanted  Oct.  9.  This 
time  it  grew  all  right,  but  of  course  it  remained  more  backward 
than  the  head  lettuce.  The  head  lettuce  grew  rapidly  on  the 
soils  which  received  manure,  being  markedly  superior  from  the 
start  to  that  on  the  soils  which  were  not  manured.  On  the  whole 
the  highest  yield  of  head  lettuce  came  from  the  use  of  10  per  ct. 
manure,  but  that  from  5  per  ct.  was  nearly  bb  large.  With  33J 
per  ct.  manure  and  no  commercial  fertilizers  the  yield  in  each 
case  fell  below  the  average  of  the  boxes  having  5  per  ct.  manure 
combined  with  commercial  fertilizers,  as  also,  usually,  did  the 
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yield  from  boxes  haying  20  per  ct.  manure  combined  with  com- 
mercial fertilizers.  These  remarks  hold  good  also  for  the  loose 
lettuce  though  not  in  the  same  degree.  The  loose  lettuce  seemed 
to  be  less  affected  by  the  excessive  use  of  manure  and  to  the  eye 
the  entire  crop  appeared  more  uniform  and  less  influenced  by 
the  differences  in  the  treatment  of  the  soil  than  did  the  head 
lettuce.  The  head  lettuce  was  harvested  Jan.  14,  when  the  earli- 
est maturing  heads  were  ready  to  be  cut.  The  loose  lettuce  was 
out  Jaa.  31. 

RIDSULTS  AS  SHOWN  BY  THB  WEIGHTS  OF  THD  THRBO)  LETTUCD  OROPS. 

The  average  weight  per  plant,  both  of  the  head  lettuce  and  of 
the  loose  lettuce,  is  shown  below  for  each  crop  and  each  separate 
treatment.  The  number  of  plants  from  which  the  average  yield 
is  deduced  is  stated  and  also  the  ratio  of  that  average  to  the 
average  of  corresponding  untreated,  or  check,  plants,  the  latter 
being  always  considered  as  a  unit.  It  should  be  rememberea 
that  the  value  of  the  unit  or  check  for  the  clay  loam  differs  from 
that  of  the  sandy  loam  with  each  crop;  it  also  differs  on  the  same 
kind  of  loam  with  the  different  crops. 
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Table  V. — Results  with  Cbop  op  Head  liETTircB,  189S^. 

Clay  loam,  A.  Saody  ioam,  F. 

*  ''  '"S       /                                         Am                          ^ 

Arer- .  Aver- 

Manure  Nitrofc-  age                                   age  Cbeok 

0 • »  enoiia  No.  woight  Cbeok  No.    weight  =1, 

By       by  ooni.  of  per  =1.  of         per    treated 

Series.                bulic.  weight.  fert.  plants,    plauu  treated,  plants,  plant.     = 

Ferot.    Feret.  Lb».^  Ou.  =                    Ozt. 

Dried  blood 0          0  1000  12  .750  2.25  12    2.104  3.00 

Nitrate  of  soda. . .      0         0  GOO  12  .938  2.82  12    2.313  3.30 

'''ISf dried  bf^^.      0         •>  11^  12  .771  2.31  12    1.729  2.47 

Sulphate  ammonia      0          0  480  12  1.104  3.31  12      .917  1.31 

Dried  blood 11%       5  1000  11  4.136  12.44  12    2.792  8.09 

Nitrate  of  soda...     11%       5  000  12  4.438  13.31  11    2.659  3.79 

"^ a^\l^  bfood     "'''^       ^  \Z  ^^  ^-^  12.75  12    2.542  3.63 

I 

Dried  blood 22%     10  1000  12  5.104  15.31  12    3.000  4.30 

Nitrate  of  soda. ..     22%     10  COO  12  4.438  13.31  11    3.205  4.57 

''^^^d'^dri^  b?ood.    22%     10  J  i^  10  5.125  15.38  12    3.104  4.43 

Sulphate  ammonU    22%     10  480  12  4.396  13.19  12    2.792  3.99 

Dried  blood 34        15  1000  12  5.229  15.69  12    2.979  4.26 

Nitrate  of  soda...     34        15  600  11  4.795  14.39  11    2.932  4.19 

^'^d\l^bl^*     34        15  1^^  12  5.188  15.56  12    2.833  4.05 

Dried  blood 45%     20  1000  12  5.640  16.94  12    2.708  3.87 

Nitrate  of  soda. . .     45%     20  60O  12  6.063  18.19  12    3.292  4.70 

""Infan^b^lf     45^^     20  |1««  12  5.875  17.63  12    3.063  4.37 

Sulphate  ammonia    45%     20  480  12  5.938  17.81  12.  3.854  4.79 

No  commercial  fer- 
tilizer       33%     14.7  0*  8  6.219  18.66  8    4.281  6.11 

No  commercial  fer* 

tiUzer 33%     14.7  0»  8  5.594  16.78  7    3.667  5.15 

Nothing 0         0  0  12  .33iy4  1.00  12      .698  1.00 


1  Per  aere ;   with  400  Iba.  aalphate  of  potaah  and  600  Iba.  sold  pUoaphatd. 
In  box.    •  Soil  looeu. 


*2>oU  packed  firmly 
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Tablb  VI. — ^Results  with  Crop  of  Head  Lettuce,  188&-1900. 


KitioK- 

Hanu'e  eoous 

by  ootn. 

bulk.  fen. 

Dried  blood 0  1000 

Nitrate  of  soda 0  eoo 

Nitrate  of  soda  and  o  100 

dried  blood '  )  850 

Sulphate  ammonia. .  0  480 

Dried  blood 5  1000 

Nitrate  of  soda 5  600 

Nitrate  of  soda  and  r  J  100 

dried  blood °  i  850 

Dried  blood 10  1000 

Nitrate  of  soda 10  600 

Nitrate  of  soda  and  ^r.  S  ^^ 

dried  blood ^"  )  850 

Sulphate  ammonia. .  10  480 

Dried  blood 15  1000 

Nitrate  of  soda 15  600 

Nitrate  of  soda  and  i-  5  100 

dried  blood ^^  /  850 

Dried  blood 20  1000 

Nitrate  of  soda 20  (500 

Nitrate  of  soda  and  ^  }  100 

dried  blood ^  }  850 

Sulphate  ammonia. .  20  480 

No  commercial  fer- 
tilizer    83%  0" 

No  commercial  fer- 
tilizer    33%  0» 

Nothing 0  0 


Clay  loam, 

B. 

Sandy  loam, 

ATer- 
ajEe 
No.     weight 
of         per 
platita.   plant. 

0. 

Aver- 

No.     welfiht 
of         per 
plante.  pUnt. 

Check 

=1, 
treated 

Check 
fereatMi 

Om. 

OZM, 

6 

1.583 

2.02 

6 

.175 

2.33 

6 

2.203 

2.82 

6 

.150 

2.00 

6 

1.667 

2.13 

6 

.033 

.45 

6 

1.677 

2.13 

6 

.175 

2.33 

6 

5.000 

6.38 

6 

2.000 

26.67 

6 

4.708 

6.01 

6 

1.958 

26.11 

6 

5.042 

6.44 

6 

1.417 

18.89 

6 

5.125 

6.54 

6 

2.875 

38.33 

6 

4.750 

6.06 

a 

2.542 

33.89 

6 

5.042 

6.44 

6 

2.917 

38.89 

6 

4.708 

6.01 

6 

2.292 

30.56 

6 

5.250 

6.70 

6 

2.750 

36.67 

6 

5.208 

6.65 

6 

2.850 

38.00 

6 

4.917 

6.28 

5 

3.150 

42.00 

6 

4.375 

5.59 

5 

3.100 

41.33 

6 

4.375 

5.59 

6 

3.167 

42.22 

6 

4.792 

6.12 

6 

2.625 

35.00 

6 

4.917 

6.28 

6 

2.792 

37.22 

4  5.063  6.46  2  2.875  38.33 
4  3.500  4.47  4  1.875  25.00 
e        .783      1.00      0        .075      1.00 


iPer  aore ;   with  400  lbs.  sulphate  of  potash  and  600  lbs.  acid  phosphate, 
tn  box.    >  boil  looae. 


>  Sou  packed  firmly 
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Tablb  VII.~Bxbtjlt8  with  Cbop  of  Looss  Lbttucb,  1809-1900* 


CUy 


Sandy  loMn,  H. 


lfanii*e 
boll. 

Dried  blood 0 

Nitrate  of  soda 0 

Nlttate  of  soda  and      ^v 

dried  blood " 

Sulphate  ammonia. .      0 

Dried  blood 5 

Nitrate  of  tK>da 5 

Nitrate  of  soda  and      |. 
dried  blood ** 

Dried  blood 10 

Nitrate  of  soda 10 

Nitrate  of  soda  and  ^^ 

dried  blood ^" 

Sulphate  ammonia. .  10 

Dried  blood 15 

Nitrate  of  soda 15 

Nitrate  of  soda  and  ^w- 

dried  blood ^^ 

Dried  blood 20 

Nitrate  of  Bo<1a 20 

Nitrate  of  soda  and  »,. 

dried  blood "^ 

Sulphate  ammonia. .  20 

No  commercial  fer- 

tiUzer 33^^ 

No  commercial  fer- 
tilizer    33% 

Nothing 0 


NitroR. 

enous 

eoni.     No.  of 

fort,    planu. 

Aver- 

weight 
plant. 

Cheek 

=  1. 
tooated 

No.o( 
plante. 

ATer- 

we^t 

Cheek 
treated 

LbtA 

Ots, 

Om$. 

1000 

6 

1.187 

1.50 

6 

.333 

2.94 

000 

6 

1.875 

2.37 

6 

.250 

2.21 

j  100 

(860 

480 

6 

1.608 

2.03 

6 

.1^ 

1.08 

6 

1.600 

2.02 

6 

.492 

4.34 

1000 

5 

3.750 

4.74 

6 

1.458 

12.87 

600 

6 

3.542 

4.47 

5 

1.550 

13.68 

100 
850 

6 

3.708 

4.68 

6 

1.375 

12.18 

1000 

6 

3.792 

4.79 

6 

1.833 

16.18 

600 

6 

3.792 

4.79 

6 

1.667 

14.71 

5 100 

^850 
480 

6 

4.000 

5.05 

6 

1.708 

15.07 

6 

4.208 

5.31 

6 

1.583 

13.97 

1000 

e 

3.958 

5.00 

6 

1.708 

15.07 

600 

6 

3.583 

4.53 

6 

1.625 

14.34 

5 100 

850 

A 

8.883 

4.81 

6 

2.125 

18.75 

1000 

5 

3.900 

4.93 

6 

1.750 

15.44 

GOO 

5 

3.350 

4.23 

6 

1.583 

13.97 

S  100 

I  850 

480 

6 

2.750 

3.47 

6 

1.333 

11.76 

6 

3.458 

4.37 

6 

1.583 

13.97 

0"  4  3.813  4.82  4  2.063  18.20 
0^  4  2.313  2.92  4  1.063  9.38 
0       6         .792      1.00      6         .113      1.00 


^  Per  aore ;  with  400  Ibt.  aalphate  of  polaeh  and  flOO  lb«.  aoid  phoepUate. 
In  bos.    SBoill 


•  Hod  paeked  flrmly 
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Table  VIII.— Results  with  Cbop  of  Head  IiErrncfE,  1900-1001. 


Mann*e 

by 

8«rte«.  bulk. 

Per  a. 

Dried  blood 0 

Nitrate  of  soda 0 

Nitrate  of  soda  and  ^ 

dried  blood " 

Sulphate  ammonia. .  0 

Dried  blood 5 

Nitrate  of  soda 5 

Nitrate  of  soda  and  ^ 

dried  blood ^ 

Dried  blood 10 

Nitrate  of  soda 10 

Nitrate  of  soda  and  -./. 

dried  blood ^^ 

Sulphate  ammonia. .  10 

Dried  blood 15 

Nitrate  of  soda 15 

Nitrate  of  soda  and  ^. 

dried  blood.......  ^^ 

Dried  blood 20 

Nitrate  of  soda 20 

Nitrate  of  soda  and  „^ 

dried  blood ^ 

Sulphate  ammonia . .  20 

No  commercial  fer- 
tilizer    33% 

No  commercial  fer- 
tilizer    33% 

Nothing 0 


Clay  loam, 

D. 

Sandy  loam,  I. 

NitroR. 
enonn 

com.     No.  of 
fort,    pianta. 

Aver- 

age 
weiirht 

per 
plant. 

Check 

=  1. 

treated 

No.  ol 
pianta 

Aver. 

ajfo 

weight 

.   plant. 

Chfsek 
treaud 

i6t.» 

Oza, 

Ozt, 

1()00 

6 

1.58;^ 

1.65 

6 

1.208 

1.53 

GOO 

6 

1.625 

1.69 

6 

.792 

1.00 

i  800 
>  100 

480 

6 

1.750 

1.82 

6 

1.250 

1.5» 

6 

1.417 

1.46 

6 

1.042 

1.32 

1000 

6 

4.417 

4.60 

5 

2.400 

3.03 

(300 

6 

3.875 

4.04 

6 

1.958 

2.48 

,  100 

;i  800 

e 

4.875 

5.08 

5 

2.800 

3.55 

1000 

6 

4.792 

5.00 

6 

3.708 

4.60 

GOO 

6 

4.042 

4.21 

6 

2.708 

3.43 

1  100 
8()0 
480 

0 

4.583 

4.78 

5 

2.750 

3.48 

G 

4.875 

5.08 

6 

2.917 

3.69 

1000 

6 

4.708 

4.01 

4 

2.125 

2.68 

eoo 

6 

4.250 

4.43 

5 

3.050 

3.85 

ilOO 
^800 

6 

3.625 

3.78 

6 

1.G25 

2.05 

1000 

4 

4.000 

4.16 

5 

2.250 

2.85 

GOO 

5 

3.750 

3.91 

5 

1.450 

1.83 

jlOO 

■(800 
480 

6 

3.333 

3.47 

4 

1.813 

2.29 

6 

4.250 

4.43 

6 

2.750 

3.48 

0^ 

4 

4.088 

4.89 

4 

1.813 

2.29 

0* 

4 

4.062 

4.24 

3 

1.667 

2.11 

0 

6 

.958 

1.00 

6 

.792 

1.00 

^  Per  tore;  with  400  ll>a.  anlpfaale  of  potash  and  600  lk>a.  acid  pboaphale.    *  Soil  packed  flroily 
in  box.    sSoiliuosa. 
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Table  IX. — Results  with  Chop  of  Loose  Lettuce,  1900-1901. 


Clay  loam,  S. 


Seriaa. 


MMiu*a 
balk. 


Kltroff- 
•nona 


fert. 

T9r  ct.  X6t.^ 

Dried  blood 0  1000 

Nitrate  of  soda 0  600 

Nitrate  of  soda  and      ^  <  100 

dried  blood "  )  850 

Sulphate  ammonia. .      0  480 

Dried  blood 5  1000 

Nitrate  of  soda 5  600 

Nitrate  of  soda  and      |.  (100 

dried  blood ^  \  850 

Dried  blood 10  1000 

Nitrate  of  soda 10  fUX) 

Nitrate  of  soda  and  ,^  }  100 

dried  blood *"  J  850 

Sulphate  ammonia. .  10  480 

Dried  blood 15  1000 

Nitrate  of  soda 16  600 

Nitrate  of  soda  and  .^  )  100 

dried  blood ^^  )  850 

Dried  blood 20  1000 

Nitrate  of  soda 20  600 

Nitrate  of  soda  and  o..  i  liK) 

dried  blood ^^  ?  850 

Sulphate  ammonia. .  20  480 

No  commercial  fer- 
tilizer    83%  0^ 

No  commercial  fer- 
tilizer    33%  0^ 

Nothing 0  0 


No.af 
plaata. 


6 
6 
6 


6 
6 


6 
6 

6 

6 

5 
6 


ATap- 

a£e 

weicbt 

planl 
Oct. 
.875 
.833 

.916 
.833 

3.792 
3.000 


Cbeok 
=1, 
traatad  Na.  of 
=     plants. 


1.76 
1.66 

1.83 

1.66 

7.58 
6.00 


6      3.708      7.42 


7.66 
6.33 


3.833 

3.1GG 

3.750      7.50 
4.083      8.16 


3.650 
3.417 


7.30 
6.83 


5 
6 

6 

6 

6 
6 


5 

4 

6 
6 

6 
6 


8andy  loam,  J. 

Aver- 

aK« 
weiKbt 

pap 
plant. 

On. 

1.150 

.917 

1.458 
1.000 

2.542 
2.042 


6      3.208      6.42      6 


Check 

=1 
traatad 


1.38 
1.10 

1.75 

1.20 

3.06 
2.45 

2.  ICO      2.52 

3.050      3.65 
2.G25      3.15 

2.583      3.10 

2.625      3.15 

3.20S      3.85 
2.292      2.75 

2.583      3.10 


3.250 
2.968 

3.&i2 

2.792 


6.50 
5.92 

7.08 

5.68 


6 
6 


2.500 
2.583 

1.917 

2.917 


3.06 
3.10 

2.30 

8.50 


4      3.875      7.75      4      1.876      2.25 
4      2.938      5.88      4      1.500      l.dOl 
6         .500      1.00      6        .833      1.00 


A  Pap  aepa;  irlth  V"^  llM.  ralphata  of  potaah  and  600  Iba.  aaid  photphata.    'SoU  packnl 
firmly  in  boK.    sSoUlooae. 
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GENERAL  DISCUSSION  OP  THE  RESULTS. 

What  is  the  testimony  of  these  experiments  on  the  question 
as  to  whether  nitrogenous  commercial  fertilizers  may  be  used 
with  profit  in  forcing  lettuce  either  with  or  without  stable 
manure?  The  data  which  have  already  been  presented  will  now 
be  considered  with  reference  to  their  bearing  upon  this  question. 

RESULTS  PROM   USING  THB  CX>MMEROIAL  PERTILIZERS  WITHOUT 

MANURE. 

Both  on  the  sandy  loam  and  on  the  clay  loam,  where  no  manure 
was  used  the  addition  of  the  commercial  fertilizers  resulted  in 
a  decided  increaee  in  yield  over  the  untreated  soil.  On  the  clay 
loam  the  nitrate  of  soda  generally  appeared  to  be  more  beneficial 
than  either  the  dried  blood  or  the  dried  blood  combined  with  the 
nitrate  of  soda,  and  with  one  exception  did  equally  as  well  or 
better  than  sulphate  of  ammonia.  On  the  sandy  loam  it  was 
not  so  beneficial  as  dried  blood  except  with  the  first  crop,  when 
it  proved  somewhat  better;  but  it  proved  superior  to  sulphate  of 
ammonia  except  with  the  second  crop.  The  use  of  lime  with  the 
nitrate  of  soda  gave  an  improved  crop  on  the  sandy  loam  but 
decreased  the  crop  on  the  clay  loam. 

The  results  with  sulphate  of  ammonia  without  manure  were 
very  variable  with  the  different  crops.  On  clay  loam  it  was 
superior  to  both  nitrate  of  soda  and  dried  blood  in  the  first  crop 
and  inferior  to  both  in  the  last.  On  the  sandy  soil  the  results 
were  also  variable;  in  one  instance  it  gave  the  highest  yield  with 
the  crop  of  loose  lettuce,  and  it  was  generally  more  or  less 
superior  to  the  nitrate  of  soda  but  inferior  to  dried  blood. 

The  dried  blood  when  used  without  manure  generally  gave 
better  results  on  the  sandy  soil  but  not  so  good  results  on  the 
clay  soil  as  the  commercial  fertilizers  did  with  which  it  wa^ 
compared. 

RESULTS  PROM  OOMBININQ  THE  COMMERCIAL  PERTILIZERS  WITH 

MANURE. 

When  manure  was  applied  in  addition  to  the  commercial  fer- 
tilizers very  much  better  crops  were  obtained  than  when  the 
latter  onlj  were  used.    This  m  clearly  shown  in  the  following 
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tabic  where  the  yield  when  commercial  fertilizers  only  were 
applied  is  compared  with  the  yield  on  similar  portions  of  soil  to 
which  stable  manure  was  added  at  the  lowest  rate  tested  in  this 
work,  5  per  ct. 

Table  X. — Suhvabt  of  Results  With  Comverclu:.  Febtilizebs  With- 
out Manure  and  With  Five  Feb  Ot.  of  BIanubk. 
Cheok^sl,  treatod  pLuits= 
On  elay  loam.  On  iandy  loam. 

With  head  With  looae      '     wlUihoad  Wlihlooae  ^ 

Treatment.  lettuoe.  lettuoo.  lettaee.  lettvre. 

Crop  of  1898-1809:        From      To      From    To    From      To      From      To 

Commercial  fertiliz- 
ers without  ma- 
nure           2.25-S.81  1.81-8.90 

Commercial  fertiliz- 
ers with  5  i>er  ct. 

manure* 12.44-13.81  8.63^.99 

Crop  op  189^19(K): 

Commercial  fertiliz- 
ers without  ma- 
nure           2.0^2.82    1.50-2.87        0.45-2.33        1.08-4.34 

Commercial  fertiliz- 
ers with  5  per  ct 

manure* 6.01-6.44    4.47-4.74    18.8^26.67     12.45-13.27 

Crop  of  1900-1901: 

Commercial  fertiliz- 
ers without  ma- 
nure          1.46-1.82    1.66-1.83        1.00-1.68        1.10-1.75 

Commercial  fertiliz- 
ers with  5  per  ct. 
manure' 4.04r-5.06    6.00-7.58        2.48-8.55        2.45-2.52 


^  The  Talne  of  the  check  Taiiee  with  the  diflbrent  crops  and  with  the  diflbrent  eona.  See 
Tables  V  to  IX. 

*  The  mannre  was  added  to  those  portiona  of  soil  at  the  rate  of  5  per  ct.  by  weight  for  the 
first  crop  and  5  per  ct.  by  bolk  for  succeeding  cropa.    See  Table  IL 

In  every  trial  of  these  commercial  fertiUzera  alone  they  proved 
entirely  madeqimte  for  hringi/ng  a  crop  to  maturity  in  sufficiently 
sihort  time  to  hv  profitable.  This  held  true  not  only  for  the  earlier 
crops  but  also  for  the  last  crop  where  the  cumnlative  effect  of 
the  applications  for  the  two  previous  years  had  the  best  chance 
to  appear.  Had  the  tests  been  made  with  garden  loam  enriched 
in  previous  years  by  liberal  applications  of  mannre  or  with  sod 
and  manure  compost  such  as  gardeners  usually  prepare  for  forc- 
ing lettuce,  perhaps  the  results  would  have  been  much  more 
favorable  to  commercial  fertilizers  alone,  but  for  the  kind  of 
soils  which  were  used  in  these  experiments  the  evidence  is  con- 
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elusive  that  lettuce  can  be  forced  much  more  successfully  by 
using  manure  than  by  using  commercial  fertilizers  alone. 

With  the  higher  percentages  of  manure  the  influence  of  the 
nitrogenous  commercial  fertilizers  is  much  obscured  as  the  vari- 
able results  v^ith  the  15  per  ct.  and  20  per  ct.  applications  show, 
but  with  the  5  per  ct.  and  10  per  ct.  applications  results  were 
obtained  which  may  give  some  indication  of  the  comparative 
value  of  these  fertilizers  when  combined  with  the  smaller  per- 
centages of  manure.    An  examination  of  Tables  V  to  IX  with 
reference  to  the  variation  in  yield  which  followed  the  use  of  the 
various  nitrogenous  commercial  fertilizers  in  combination  with 
5  per  ct.  and  10  per  ct.  of  manure  shows  that  a  better  crop  was 
obtained  with  dried  blood  than  with  nitrate  of  soda  in  16  tests, 
while  the  reverse  was  found  in  but  3  tests,  and  in  one  test  there 
was  no  difference  in  yield.    The  yield  with  dried  blood  was  belter 
than  that  with  sulphate  of  ammonia  in  7  tests  while  the  reverse 
was  found  in  but  three  tests.    The  yield  with  dried  blood  was 
better  than  with  dried  blood  combined  with  nitrate  of  soda  in 
11  tests  while  the  reverse  was  true  in  9  cases.    In  many  in- 
stances the  differences  in  yield  are  too  slight  to  be  of  themselves 
significant  but  taken  in  the  aggregate  they  do  seem  to  indicate 
that  the  dried  blood  combined  with  moderate  quantities  of 
stable  manure  is  more  effective  in  stimulating  the  growth  of 
lettuce  than  either  nitrate  of  soda  or  sulphate  of  ammonia 
similarly  combined.    Also  they  indicate  that  the  dried  blood 
does  as  well  for  this  purpose  when  combined  vrith  manure  as 
does  the  combination  of  nitrate  of  soda,  dried  blood  and  manure. 

HOW  MUCH  MANURE  SHOULD  BE  USED? 

The  question  then  arises:  How  much  manure  may  be  used 
with  profit  in  forcing  lettuce?  According  to  our  experience  and 
observation  gardeners  ordinarily  use  from  6  per  ct.  to  20  per  ct. 
by  bulk  and  more  often  approach  the  20  per  ct.  than  the  5  per  ct. 
rate.  The  results  where  manure  was  used  in  combination  with 
dried  blood  will  first  be  examined.  They  are  arranged  in  the 
following  table  such  a  way  that  the  yield  under  each  treatment 
may  be  compared  with  the  yield  of  the  corresponding  check. 
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Table   XI. — Comparatiye   Yields   in   Dried   Blood    Series   Without 
Manure  and  With  Different  Proportions  of  Manure. 

glatloam. 

CompftratiTo  jMds  with— 


No  ID** 

Dure  or 


*  IfAnnre,  by  weight 


Crap. 
Head  lettuce, 
180&-1899. . 

rert. 
12 

1 
1 

1 

1 
1 

1 

1 
1 
1 

1 
1 

None. 
2.25 

5p.«t.>  lOp.  0t^ 
12.44    15.81 

lSp.ot.i20p.et.^ 

15.60    16.94 
•Manure,  by  balk. 

None. 

2.02 
1.65 

1.50 
1.75 

5p.ei.    10p.oi.  15p.et.    SOp.et. 

6.38      6.54      6.70      5.59 
4.60      5.00      4.91      4.16 

4.74      4.79      5.00      4.93 
7.58      7.66      7.30      6.50 

sandy  loav. 

•Maniii«.bywoitfhi 

Wip 

>.  0l.« 

Head  lettuce, 

1898-1899. . 

1899-1900. . 

1900-1901.. 
Loose  lettuce, 

1899-1900. . 

1900-1901. . 

Packed. 

18.66 
6.46 
4.89 

4.82 
7.75 

Loose. 

16.78 
4.47 
4.24 

2.92 
5.88 

Head  lettuce, 
189g-1809.. 

None. 
8.00 

5p.et.« 

8.99 

lOp  ot.> 
4.30 

16p.ct.   SOp.ot.» 

4.26      3.87 
•lfaDur6,bybiilk. 

Head  lettuce, 

1898-1899. . 

189^1900. . 

1900-1901.. 
Loo^e  lettuce, 

189O-1900. . 

1900-1901. . 

HODO. 

2.33 
1.63 

2.94 
1.38 

5p.et. 

26.67 
3.03 

13.27 
8.05 

10p.ei. 

38.33 
4.69 

16.63 
3.65 

l&p.«t  tOp.ot. 

36.67    41.33 
2.68      2.85 

15.54    15.90 
8.85      8.06 

3Hp.ct.t 
Paekad.     Loose. 

6.11      5.15 

38.33    25.00 

2.29      2.tl 

18.73      9.64 
2.25      1.80 

>  Wllh  the  manora  aaed,  5,  )0.  U  and  20  per  et ,  by  welirbt  are  eqalralent  to  11|,  22|.  14  and 
i5|  per  ot..  reepeotlTely.  by  balk. 

*  All  plants  under  these  headloga  reeelred  600  pounds  sold  phoaphate  per  aere,  400  poands  sal- 
phate  of  potash  and  1,000  poands  dried  blood,  eicept  wb«re  83|  per  ct.  of  manure  was  used. 

*  This  ia  equivalent  to  14  2  per  et  by  weight  fur  first  orop  un  the  clsy  loam  and  14.7  per  ct. 
ftir  the  flrat  orop  on  sandy  loam.    No  oummercial  feriillsers  were  used  on  these  boxes. 

Leaving  out  of  consideration  for  the  present  those  portions 
of  soil  which  received  33  1-3  per  ct.  of  manure  without  any  com- 
mercial fertilizers,  let  us  compare  the  rate  of  increase  of  the 
yield  where  none  but  commercial  fertilizers  were  used  with  the 
rate  where  these  were  combined  with  manure. 

From  the  table  just  given  it  appears  that  on  the  clay  loam  the 
use  of  5  per  ct.  for  the  first  crop  gave  an  increase  of  10.19  points 
OT«r  the  yield  with  no  manure;  doubling  the  manure  gave  a 
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further  increase  of  but  2.87  points;  the  15  per  ct.  application 
gave  an  increase  of  but  0.38  point  over  the  10  per  ct.  and  the 
20  per  ct.  gave  an  increase  of  but  1.25  points  over  the  15  per  ct. 
application. 

In  the  next  crop  from  the  same  soil  the  5  per  ct.  application 
was  followed  by  a  very  large  increase  in  yield  over  that  where 
commercial  fertilizers  were  used  alone;  the  10  per  ct.  and  15  per 
ct.  applications  showed  but  little  increase  over  the  5  per  ct., 
while  with  the  20  per  ct.  application  the  yield  actually  dropped 
below  that  obtained  with  the  5  per  ct. 

In  the  following  season  the  5  per  ct.  application  again  showed 
a  very  large  increase  in  yield  over  that  where  commercial  ferti- 
lizers alone  were  used;  the  10  per  ct.  application  resulted  in  but 
slightly  greater  yield  than  that  secured  with  the  5  per  ct.  appli- 
cation, the  15  per  ct.  showed  a  falling  off  in  yield  while  with  20 
per  ct.  it  dropped  still  lower,  being  even  less  than  the  yield  with 
the  5  per  ct.  application. 

Similar  cumulative  effects  of  repeated  applications  of  manure 
also  appeared  when  loose  lettuce  was  grown  on  the  clay  loam. 
Where  the  higher  percentages  of  manure  were  used  the  later 
crops  of  lettuce  showed  an  actual  loss  in  yield. 

On  sandy  loam  the  first  crop  of  head  lettuce  showed  an  in- 
creased yield  from  the  5  per  ct.  and  10  per  ct.  applications  of 
manure  but  higher  percentages  of  manure  showed  a  falling  off 
in  yield.  With  the  next  crop  of  lettuce  the  use  of  the  higher 
percentages  of  manure  was  followed  by  successive  increases  in 
yield  except  that  the  yield  with  the  15  per  ct.  fell  below  that 
with  the  10  per  ct.  application  but  the  following  season  the 
highest  yield  was  reached  with  the  10  per  ct.  application  and  the 
yields  with  the  higher  percentages  of  manure  dropped  below 
that  of  the  5  per  ct.  application.  Besults  similar  in  kind  if  not 
in  degree  were  obtained  with  the  loose  lettuce  on  sandy  loam. 

The  data  secured  by  the  series  of  tests  with  nitrate  of  soda, 
sulphate  of  ammonia  and  the  combination  of  dried  blood  and 
nitrate  of  soda  confirm  the  testimony  of  the  dried  blood  serieB 
on  this  point.  They  support  the  general  conclusions  that  with 
soils  similar  to  those  used  in  these  investigations: 
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1.  Very  much  better  crops  of  lettuce  may  be  forced  by  using 
stable  manure  for  enriching  the  soil  than  by  using  only  commer- 
cial fertilizers  of  the  kinds  tested. 

2.  When  the  soil  is  used  for  the  first  time  for  forcing  a  crop 
of  lettuce,  an  abundance  of  manure  may  be  used  with  good  re- 
sults but  where  the  use  of  manure  is  continued  with  the  same 
soil  year  after  year  the  optimum  amount  may  be  expected  to 
decline  towards  the  5  per  ct.  rate.  It  is  evident  that  the  amount 
which  it  is  economical  to  use  varies  with  the  character  of  the 
soil  and  of  the  manure  and  also  with  the  relation  of  the  prices 
for  a  fancy  product  to  those  paid  for  ordinary  lettuce.  For 
these  reasons  no  definite  recommendations  can  be  made  as  to 
the  amount  of  manure  which  it  is  profitable  to  use  in  forcing 
lettuce. 

3.  In  forcing  lettuce  it  is  not  good  economy  to  make  repeated 
applications  of  manure  in  excessive  quantities  to  the  same  soil. 
Not  only  is  manure  thus  wasted  but  the  yield  may  be  actually 
decreased. 

WHY  DO  THB  SMALLIUt  AMOUNTS  OF  MANTJRS  GIVB  RBSUI/TS  BBTTBEt 
THAN  THOSE  OBTAINED  WHBRB  THB  MANURE  IS  APPLIED  IN 
EXCESSIVE  QUANTITIES? 

With  the  smaller  amounts  of  manure  applied  to  soils  which 
had  received  an  abundance  of  nitrogen,  phosphoric  acid  and 
potash  in  commercial  fertilizers  the  yield  was  much  greater  than 
it  was  on  similarly  treated  soils  without  any  manure,  but  where 
the  manure  was  used  in  excessive  quantities  the  yield,  as  has 
been  shown  above,  dropped  below  that  obtained  with  less 
manure.  Why  is  this  so?  What  factors  of  fertility  does  the 
manure  introduce  into  the  soil  aside  from  the  plant-food  which 
it  contains?  The  data  bearing  upon  this  question  which  have 
been  obtained  in  carrying  out  the  experiments  under  discussion 
have  not  all  been  presented  in  this  account  of  the  work.  Other 
experiments  which  may  throw  light  on  this  subject  are  now  in 
progress.  The  discussion  of  this  question  will  therefore  be  de- 
ferred till  further  data  have  been  secured. 
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GINSENG  CULTURE.* 


N.   O.    BOOTH. 

During  the  last  few  years  we  have  received  so  many  Inquiries  In  regard 
to  ginseng,  its  culture,  its  sale,  and  the  prospects  of  its  becoming  a  staple 
crop,  that  we  issue  this  circular  letter.  We  have  not  grown  ginseng  at 
this  station  and  the  information  which  is  contained  in  this  letter  is  gleaned 
fiom  the  various  sources  mentioned  below. 

The  demand  for  ginseng  comes  from  China,  where  it  has  been  used  for 
ages  as  a  medicinal  root.  That  it  has  some  medicinal  value  is  recognhsed 
by  those  who  have  Investigated  its  properties,  but  it  is  nowhere  a  recog- 
nized remedy  except  in  China.  There  it  is  a  standard  cure  for  all  ills  and 
equally  efficacious  as  a  preventive.  The  form  of  the  root  affects  its  value 
according  to  the  Chinese;  those  roots  resembling  the  human  body  being 
the  most  valuable.  These  facts  are  chiefly  of  importance  as  indicating 
the  probable  long  continued  demand  for  ginseng.  Ancient  customs  and 
prejudices  die  out  slowly  even  in  this  country,  and  China  is  not  noted  for 
sudden  changes  of  thought  or  manner  of  living.  Ginseng  was  first  ex- 
ported ftom  America  in  the  early  part  of  the  18th  century.  In  a  few 
years  the  trade  had  grown  to  considerable  proportions,  when  the  ex- 
porters in  this  country  ruined  it  by  sending  immature  and  imperfectly 
cured  roots.  For  some  years  almost  none  was  exported,  and  then  the 
trade  was  gradually  taken  up  again.  Wild  ginseng  is  becoming  scarcer 
in  the  United  States  year  by  year;  the  amount  exi)orted  is  becoming  less 
and  the  price  higher.  This  is  partially  due  to  the  fact  that  "Sang" 
hunters  usually  gather  the  root  in  summer  before  the  pliant  has  matured 
its  seed,  partially  to  the  clearing  out  of  the  forests  and  pasturing  of  a 
large  portion  of  that  remaining.  Virginia,  West  Virginia  and  Ontario, 
Canada,  have  passed  laws  to  prevent  the  gathering  of  the  roots  out  of 
season.  The  root  itself  is  in  better  condition  if  gathered  in  the  fall  and 
does  not  shrink  so  much  in  drying. 

Ginseng  queries  by  prospective  growers  are  along  four  lines:  IsL  Is 
ginseng  growing  profitable?  2d.  If  profitable,  where  can  I  get  seed  and 
plants?  3d.  How  shall  I  raise  and  prepare  the  roots  for  market?  4th. 
Where  can  I  sell  them? 

1st  As  to  the  profits  of  ginseng  growing,  it  is  difficult  to  say  how  profit- 
able the  industry  will  eventually  be  to  those  who  grow  the  roots  tor  export 
alone.  So  far  almost  all  growers  have  made  the  most  of  their  money 
selling  plants  and  seeds  to  others  who  wish  to  start  plantations.  Ginseng 
growing  is  something  that  requires  little  land  but  considerable  work,  and 
this  work  must  be  very  carefully  done.  The  work  is  light  and  might  be 
done  by  women  or  children. 
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M.  AMtm  0oaroe  of  plant  and  seed  supply,  these  ean  usually  b«  seeorad 
ebeaper  from  local  growers  or  "  Sang  "  hunters  than  from  houses  which 
make  a  business  of  handling  the  plants.  If  there  be  none  of  these 
"  Sang  "  hunters  in  your  locality  it  Is  usually  best  to  write  to  all  of  the 
firms  yoo  know  of  for  prices,  for  the  price  sometimes  raries  materially. 
Below  are  the  names  and  addresses  of  some  well-known  growers:  Geo. 
Stanton,  Chinese  Ginseng  Farm,  Summit  Station,  N.  Y.;  M.  G.  Harrison, 
Bedford,  Mo.;  Harlan  P.  Kelsey,  Tremont  Building,  Boston,  Mass.;  A.  B. 
I/eavitt,  Houston,  Mo.;  Emanuel  Lewis,  Hemlock,  Wis.;  H.  S.  Seymour, 
Blchland  Center,  Wis.;  W.  G.  Palmer,  Boydtown,  Wis.;  J.  W.  Sears, 
Sumerset,  Ky.;  American  Ginseng  Gardens,  Rose  Hill,  N.  T.;  G.  F.  Millard, 
Houston,  Mo.;  W.  A.  Bates,  Cuba,  N.  T.  Seed  costs  at  present  from  one 
to  five  dollars  an  ounce  and  plants  from  four  to  twenty  dollars  a  hundred, 
but  as  indicated  above  both  may  frequently  be  secured  much  cheaper  from 
local  gatherers.  If  so  secured,  care  must  be  taken  that  the  roots  be  fresh 
from  the  ground  and  that  the  seeds  be  not  thoroughly  dried  out  as  they 
will  seldom  grow  in  that  condition. 

3d.  As  to  methods  of  culture,  etc..  Ginseng  will  not  grow  exposed  to 
the  direct  rays  of  the  sun.  It  grows  naturally  in  deep  woods  and  usually 
on  north  and  east  slopes.  Consequently  in  cultivating  ginseng  either  a 
spot  which  is  naturally  shaded  must  be  chosen,  or  artificial  shade  given. 
Lath  screens  with  a  one-half  inch  space  between  laths  are  usually  used 
for  this  purpose.  They  may  be  placed  low  and  be  removed  for  purposes 
of  weeding,  etc.,  or  they  may  be  fastened  on  posts  six  feet  or  more  above 
the  ground,  so  that  a  man  can  work  under  them.  The  latter  method 
usually  gives  the  best  satisfaction.  Ginseng  likes  a  deep  rich  soil  which 
does  not  dry  out  too  readily.  Clay  loam  with  plenty  of  leaf  mold  or 
manure  worked  in  will  do  very  welL  If  small  roots  be  planted  they  will 
give  quicker  results  than  seeds,  but  are  somewhat  more  expensive.  From 
the  seed  it  takes  from  six  to  eight  years  to  produce  marketable  roots.  The 
grounds  should  be  divided  into  beds  not  wider  than  four  feet  and  as  long 
as  may  be  desired,  with  a  narrow  walk  in  between.  Since  all  cultivation 
of  ^rinseng  is  by  hand  beds  wider  than  this  are  difficult  of  access.  Roots 
should  be  planted  from  three  to  six  inches  apart  each  way,  according  to 
size.  Seeds  will  not  grow  until  eighteen  months  after  ripening.  During 
this  period  they  may  either  be  planted  or  mixed  with  moderately  moist 
leaf  mold  and  loam,  and  stored  where  they  will  not  dry  out,  as  once  thor- 
oughly dry  the  seed  will  not  germinate.  Seed  may  be  sown  in  either 
spring  or  fall  in  rows  three  inches  apart  and  one  inch  apart  in  the  row 
and  one-half  inch  deep.  After  the  bed  is  planted  it  should  be  covered  with 
litter  or  leaf  mold  about  one  inch  deep  to  prevent  drying  out.  This  should 
be  covered  with  light  brush  if  there  is  danger  of  its  blowing  off.  Weeds 
must  be  pulled  out  or  rather  cut  off  as  they  appear  and  the  mulch  renewed 
each  fall  when  the  tops  die  down.  Great  care  must  be  taken  not  to  loosen 
the  plants  In  pulling  weeds  as  this  is  usually  fataL  Chickens  nrast  not  be 
allowed  access  to  the  beds.  One  of  the  great  drawbacks  to  ginseng  grow- 
ing is  the  danger  of  having  the  roots  stolen.  It  is  possible  In  a  single  night 
to  lose  the  product  of  several  years*  work.  On  this  account  it  is  usually 
best  to  make  the  bods  dose  to  the  house  or  some  other  point  where  tbey 
can  be  constantly  watched.    When  the  roots  are  large  enough  to  dig  they 
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should  be  dug  in  the 'fall,  the  smaller  roots  (less  than  two  ounces)  being 
replanted  to  increase  in  size.  Great  care  must  be  taken  in  digging  not  to 
break  the  roots,  for  whole  roots  command  a  higher  price  than  broken  <me8^ 
As  fast  as  they  are  dug  shake  off  all  loose  earth  and  place  the  roots  at 
once  in  water  so  that  the  earth  remaining  may  not  dry  on  them.  Wash 
with  a  stiff  brush  or  broom  and  plenty  of  water.  For  drying,  Kalns 
recommends  a  home-made  drying  oven  made  in  the  following  manner: 
**  Get  a  box  large  enough  to  cover  the  kitchen  stove  and  deep  enoi^h  to 
hold  six  or  seven  sliding  shelves.  Remove  the  bottom  entirely.  Make  a 
hole  in  the  top;  take  off  one  side  and  make  a  hinged  door  to  fit  in  its  place; 
make  a  number  of  shelves  with  l>ottoms  of  wire  netting  of  about  one- 
fourth  inch  mesh.  In  filling  the  shelves  for  the  first  time  put  the  larger 
roots  on  the  top  shelves  and  the  smaller  upon  the  bottom  ones,  the  lowest 
of  which  should  be  at  least  six  inches  above  the  top  of  the  stove.  Put 
the  box  upon  the  stove,  but  raised  al>out  half  an  inch  above  it,  so  as  to 
prevent  its  bottom  edges  from  becoming  scorched  and  to  insure  a  current 
of  air  through  the  shelves  of  roots.  A  few  stout  nails  left  projecting  will 
accomplish  this  end."  Use  with  a  slow  fire.  "  The  roots  upon  the  lowest 
shelf  will  ordinarily  dry  first.  Take  them  out,  fill  the  shelf  with  fresh 
roots  and  put  in  the  dryer  at  the  top  after  moving  all  the  other  trays  down 
one  notch  toward  the  bottom."  Rub  off  all  the  small  fibrous  roots  when 
dried  sufficiently  to  be  brittle  and  return  the  large  roots  to  dryer.  These 
trimmings  are  frequently  sold  to  local  drug  stores  for  people  who  chew 
ginseng.  "  When  the  roots  have  become  dry  as  a  bone  and  are  perfectly 
cool,  put  them  in  paper  sacks  or  clean  boxes  to  aw«it  shipment" 

4th.  Sale  of  the  roots:  In  some  parts  of  the  State  there  are  buyers 
already  on  the  ground,  but  generally  it  is  necessary  to  ship  to  some  whole- 
sale house.  Write  to  Wm.  Eisenhauer  &  Co.,  378-380  West  Broadway, 
New  York;  Samuel  Wells  &  Co.,  Cincinnati,  Ohio;  Felt  Butler  Co.,  83 
Spring  street,  New  York.  Ginseng  now  brings  from  $2.50  to  $6  or  $7  a 
pound,  depending  on  the  quality.    The  price  is  rising  each  year. 

Considerable  literature  has  been  published  from  time  to  time  on  the 
subject  of  ginseng.  Besides  the  prospectuses  of  those  selling  the  plants, 
at  least  two  books  and  three  bulletins  have  been  published.  These  are  as 
follows:  "  Ginseng,"  by  Maurice  G.  Kains,  Orange  Judd  &  Co.,  publishers. 
A  book  on  ginseng,  title  unknown,  by  M.  G.  Harrison,  Bedford,  Mo.  The 
Pennsylvania  State  Department  of  Agriculture  has  issued  a  bulletin  (No. 
27)  on  this  subject.  The  United  States  Department  of  Agriculture  has 
published  a  bulletin  on  "American  Ginseng."  (Botanical  division  No.  16.) 
The  Kentucky  Experiment  Station  of  Lexington,  Ky.,  has  issued  a  bul- 
letin (78)  "  Ginseng,  Its  Nature  and  Culture."  The  cheapest  and  perhaps 
the  best  way  to  obtain  information  on  this  subject  is  from  those  who 
have  experimented  in  growing  it,  if  there  be  any  in  your  locality.  Most 
of  the  parties  ^vho  sell  roots  and  seeds  issue  printed  directions  which  ai« 
included  with  sales. 
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INSPECTION  OF  FEEDING  STUFFS* 


W.   H.  JORDAN   AND   G.   G.   JBNTBB. 


SUMMARY. 

The  report  given  herewith  of  the  inspection  of  feeding  stuffs 
comprises  the  following: 

(1)  List  of  brands  licensed  in  the  State  of  New  York  for  the 
year  1901. 

(2)  Analyses  of  samples  collected  late  in  1900, 

(3)  Analyses  of  samples  collected  in  1901. 

(4)  Comments  on  the  facts  shown  by  the  inspection. 

(5)  Suggestions  to  dealers. 

(6)  Suggestions  to  purchasers. 

FEEDING  STUFFS  LICENSED  IN  1901. 

Ninety-two  manufacturers  have  complied  with  the  law  by 
registering  the  guaranteed  composition  of  120  brands  of  feeding 
stuffs  and  paying  the  required  license  fees  therofor. 

The  brands  named  in  the  following  list  are  those  which  it  has 
been  legal  to  sell  in  New  York  during  1901.  Doubtless  these 
cover  a  very  large  proportion  of  the  by-product  feeding  stuffs 
consumed  in  New  York. 


•A  reprint  of  Bolletiu  No.  19a. 


Digitized  by 


Google 


862 


Report  of  Inspection  Wokk  of  tbb 


1 

s 

o 


51ooo2oogS88g 


^i 


2  ^ 


SSSlll 


O  O  C  r-   '- 


.1 

Oh? 


00 

ii 


6  o  S  S  S  S  ^p  0-000  d  *^ 

bo  &«  ^)  M  ^  bo  U)H  rH  ^  ttO  bo  bo  60  of 
V  wo  00  wo  ^  ^  B^iSSi^a 


CQ  03 
(-1   M 

a  fl 

MM 


46i6 

.0000 

OQ  C3   Oj   CS 
0)  0)  0)  o 

0000 


rjo  ^w  *  cart's  oa 


?   r   r 

000 

CS  03   09 

t-4     t-l     S-l 

oa>a>o.is:2J3o 


C3  08  w  o5 


0000 

'E'C'C'E 
«  a>  0)  0^ 


«s§ 


J?  "S  S  JS  o 


M  M 

lib 


oCc>SS3oSoS^,b 

oS 


BBB 


a;  a;  a>  d;  .a 

aaaag 


^   O  02 


11 


OOcSwwOfr*       00 


a 

'1«?  OB 


•CO 

fl  a 


00   QD 


^a  03  03^       ^^ 


af 


Ss<iJ«3gcrcrc5* 

*«E  !3oS-S2  go 

^  5t>5S5  OS  «  s  s 


o 

a 

oe  « 

a  a 

a  0 


o 

QQ 


•  rod 


6 


aa" 


oh. 

k.  S  o) 

boa  n 

C8  05  « 

PQPQPQ 


gill 

O  A  oi  o 

llll 


I    OS  fl  fl 

•^  S  «  rt 

|-§sg 


Digitized  by 


Google 


New  York  Agricultural  Experiment  Station. 


363 


aOQOcoO^ioeo     Cdcoio<^     MOd^ioio<^      'i<eocideo     o     eociOeoeoooeooo  ago 


iOT-idM0>0d      oooooco 


s 

i 

I 


I 


a 


a 
•a  T 


"S  fl  fl  9  o  o  i?  t^    5  •« 


PQnoonQ 


08 
O 


"S 


a> 


5«a*  .    u 


i 

VI 

I 

a 
p 
p 


•rffi 


T%       a    *     VI  flj  rt  a 


g&a 


9<m£  bo 


a     "5      ^     w 

■S   fl  5    cj    CD  . 


9  ^  &* 


o  «*  S 
c2^ 


a 


dd^ 


a 


i»«'  ^  .^  ^  ^  ^   - 

S  od  04  «'3'S  p 
•Op  p  p  0)  o  t5 


I 


b  .t>2 


s  0  3 


d 

_  a 


s 


dl 


2  p  ^  p5 

»motx}M 


«  e  08  ed  03  od  OS  •£•£  04 

a^^a^'^aBB  p 


^ 


OCP  to 

c3  aa 


=  a  fl  a «^  g 
S**S'Si"SL  *  *>  8 

OQOOQOO 


3 


'SSi    S 


000 


o  o 
OQ 

pa 

S3 

p  p 
a  *  * 

"  "M  ♦* 
»-4   08   08  -» 

r  roe  >  >.iS 

•'•'7^'O'd'd 
Mbfig  g  g  g 

r-4  a    08    □    Q    B 

QCOQQQ 


lit-- 

aa  a  ►  ► 


<?o  o  o  o  o  d 

(A  to  M  tA  60  tA  M 

BBBBBBB 
p  p  p  p  p  p  p 

(p  (p  <p  <p  <p  <p  <p 

m  ^  ^  ^  rt,  ^  aj 


•M  m  t4  t4  M  t4  K^  . 
O3a8aee3a8oee39 
be  tc  tc  to  to  to  to  « 
p  p  p  p  p  p  pO 

CQ  QQ  CC  QQ  QQ  QQ  CC     » 

aQOQCOaOOQKKiP 

0000000a 

O  O  O  O  W  O  OV 

p  p  p  p  p  p  p  5 

35oo33Sffi 


Oo^ 

OB 

tt*^ 

p  s 

JP  p 

^  p 

CS  08 


a    a 


Digitized  by 


Google 


364 


Bbport  of  iNSPBorioN  Work  or  thb 


£  ft,  T-l  HrHrl       i-lT-4'*rH00       r-l      W       -^  rH       oOOOi-l  I02       e5i-l'<»T-l 


I 

I 


1 


§1 


•^ 


1  o  «  . 


•a 

it 


.•a 


Si: 


!  §5  3j  8  a 


^^'^1l|: 


I 


•d-J 


no  I 


►Hi-i   r  r  ?  f 
.  .0000 

PS  • .  - « 

o  o*  o  S3  ffl  W  P  s  p  P  o* 
P  P  P  o  0)  a>^^^^  P 


i 


I*. 

.•k/  o  a  a  . 
.K4i^  0,0.0.0 

e^^  a  a  a  aA 

-tW  §  o  i  o« 

"°.^-a"»"g 

el  4>  o   .   .   .  o 

ncQKtDKnn 


% 

g 

s 

bo 

f  f  ?  r  fl 

•    ..n  CD  00  00=; 

'O'C  fl  P  fl  fl  ao 
9  p  p  0  0  p  0 

tzj  p:^  ID  Ph  Pd  (13  CI4 


^  fli  P  « 

a  S  p  p 


ill 

a  "3—     wi*  a 

aaiJa-^ijS 
^aalflg-g 


-I      S 


I 


0)  ^  j5  *  5 


if- 

^r^fi   P 


d 
p 
o 
O 


«  -r  ao 
n  P  cd 

3>a 


P 

o 

«  00 


lis&'^fip" 

R  p  c;s^  «  o 


5*  P  J^    OJ   S'2? 


IS 


SPSSP^  2 


as  d 


^ 


IJoJ  S  p  rt"?  0 


as 

Id  '•^ 

p 


n-l   ^ 

a>  5 
p-^-o 

«  «  r  « 


S  «  o  •■ 


"a 


d^  o 


6 

P  a>  o  P 
oi  d  o  -H 


T-I1H1HH  T-lr-irHT-l        rH        iH        tH  iH  iH  tH  rH  1I1H 1-I  fHrA 


Digitized  by 


Google 


Kew  York  AaRicuLTURAL  Expbriubnt  Station. 


i&  00  CD  th  00  ej  CO  ei  <^  <^     "^eoeoco^     cd'^aci     oo«hoi>«h6io     cic6i6t^     '^to 

00 


OOAOOOeO       rHb-i-l 


s  s^s^  s*gS2«  ss*a  s 


uSnS 


©t- 


IS 


8 

a 

33 


6^s     i 


OS 

a  >  o  « 

^  dS3S 


->       "f^  •**  VH  ^{ 


S  O  0  0  I 


iaiii 

Oi?000 


85  Hi 

c)   .n  a  a 
£SsSS 

n|sii 

1^  M  a  a  a 
OOOOO 


►  £  q  « 
«  g:  d  q 


d  dS  3  _j  S 

bfitfi^-  ►  d  qS 
cj  e0  JO  JO  'O  M 

^fl  o  o  a  « 


OS's  d  d 


lis  §3  §i§  s§§    §sa§  §  igii  §&ss  §s 


Digitized  by 


Google 


366 


Kbpobt  ok  Inbpbotion  Work  or  thi 


4^U 


£   C      *     *     *  •  • 

*  (5  eocoeo     10     to 


9 


I 


i  M  1 


III 


I   i^. 


a 


o 


2   6 

1 


'-I 

11 


I 


.    ri 


! 

a 

i 
I 
I 


_?  _ 

• 

1 

1 

Q  Linseed  Co., 
Fromentum  Co 
Sugar  Refinery, 

>T  Mining  Co., 

• 
1 

j 

^OQOD      f 

bC 

3 

PPP     ? 

^ 

1 

• 

1 

SIS  s 

S 

Digitized  by 


Google 


Nbw  York  Agrioujltural  Experiment  Station.        367 

The  above  list  of  brands  may  be  classified  as  follows: 

Cottonseed  meal 4  brands. 

Linseed  meal 8  " 

Gluten  meal 4  " 

Gluten  feed 8  •* 

Germ  oil  meal  or  cake 2  '* 

Malt  sprouts 5  " 

Brewer's  grains 1  " 

Distillery  wastes 3  " 

Corn  bran 2  " 

Hominy  feed  or  chops 16  " 

Meat  and  bone  feeds  (poultry  mostly) 18  " 

Feeds  mostly  compounded  from  several  manufacturing  offals* 

in  most  cases  bearing  special  proi;>rletary  names. 60  ** 

126  brands. 

The  striking  fact  about  this  list  is  the  large  proportion  of 

specially  compounded  feeding  stuffs,  the  ingredients  of  which 

are  in  many  cases  standard  cattle  foods  mixed  with  materials  of 

less  value. 

ANALYSES  OP  SAMPLES  OF  FEEDING  STUFFS  COL- 
LECTED DURING  1900-1901. 

In  the  tables  which  follow  may  be  seen  the  percentages  of 
protein  and  fat,  and  in  some  cases  of  crude  fiber,  in  the  samples 
collected.  Only  determinations  of  protein  and  fat  are  required, 
but  the  proportion  of  crude  fiber  has  been  ascertained  as  an  aid 
in  deciding  as  to  the  use  of  oat  hulls  in  a  certain  class  of  mix- 
tures. 

The  number  and  character  of  the  samples  taken  may  be  seen 
in  the  succeeding  classified  table. 

TaBLB  II. — ^NUICBEB  AMD  CHARAOTEB  OF  SAICPUBS. 


Kind. 

Ck>ttonseed  meal 

Linseed  meal 

Gluten  meal 

Gluten  feeds 

Germ  oil  meal 

Special  gluten  (?) 

Malt  sprouts 

Proprietary  feeds  (mixed) 

Com  bran 

Hominy 

Poultry  foods 

Offals  from  mQllng  wheat  and  rye 

Ground  grains,  mostly  mixed  com  and  oats. 


I^^l%. 

Sams 
winter 

No.  of 

%. 

No.  of 

Ko.of 

No.  of 

■amplee. 

brands. 

•amplea. 

branda. 

8 

2 

18 

8 

7 

5 

12 

9 

1 

1 

2 

1 

10 

6 

17 

5 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

42 

32 

54 

27 

2 

2 

7 

8 

15 

IS 

18 

13 

9 

6 

18 

10 

11 

7 

16 

10 

21 

21 

13 

13 

Totals 124         98        178        101 

SUMICABT. 

Fall  1900--Mannfacturer8 78      Winter  1901— Manufacturers  .  •    70 

Brands 98  Branda 101 

Samples ,.*•  tZi  Samples  ....••..  173 
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Tablk  III.— Samplrs  of  Febdino  Stuffs 


Col. 
leo* 
tlon 
No. 


Name  and  address  of  manufaotnrer  or  Jobber. 


202  American  Cotton  Oil  Co.,  New  York, 
21G  American  Cotton  Oil  Co.,  New  York, 
174    Cliapin  &  Co.,  St  Louis,  Mo.. 


165  Hanenstein  &  Co.,  Buffalo, 

167  Hauenstein  &  Co.,  Buffalo, 

181  Kelloggs  &  Miller,  Amsterdam, 

148  Kellogg,  Spencer,  Buffalo, 

160  Mann  Bros.  &  Co.,  Buffalo, 

124  Mayflower  Mills,  Fort  Wayne,  Ind., 

131  Mayflower  Mills,  Fort  Wayne,  Ind^ 

152  National  Starch  Co.,  New  York, 


209  Cullen,  Andrew,  Co.,  New  York, 

126  Glucose  Sugar  Refining  Co.,  Chicago,  111., 

201  Glucose  Sugar  Refining  Co..  Chicago,  111., 

134  Glucose  Sugar  Refining  Co.,  Chicago,  111., 

164  Glucose  Sugar  Refining  Co..  Chicago,  111., 

151  National  Starch  Co.,  New  York, 

156  National  Starch  Co.,  New  York, 

s40  National  Starch  Co.,  New  York, 

192  National  Starch  Co.,  New  York, 

217  Oneonla  Milling  Co.,  Oneonta, 

139  U.  S.  Sugar  Refinery,  Waukegan,  IlL, 


Sampled  ■! 

Delhi,  Dean  Sl  Bramley, 
Delhi,  Penfield  MilUng  Co., 
Lockport,   John  T.   Darri- 
Bon, 

Brockport,  C.  B.  Shafer, 
Albion,  Woods  &  Sprague, 
Mohawk.  Mohawk  Milling 
&  Malting  Co., 

Lockport,  James  V.  Rlgnel, 
Corning,  W.  M.  KiUlgrew, 
Belmont,  Hood  &  Bradley, 

Buffalo,    National    Starch 
Co.. 

Delhi.  Gleason  &  Klff, 
HomellsvlUe,    Steph.   Hol- 
lands, 
Delhi,  Dean  &  Bramley, 
Portville,  Hotton  Bros., 
Brockport,  C.  B.  Shafer, 
Buffalo,    National    Starch 

Co.. 
Sprlngville,  B.  Chaffee^ 
Florida,  Roe  Bros.. 
OssInlng.Crow  &  Williams, 
Delhi,    Cooperative    Store 

Co., 
East  Aurora,  Griggs  &  Ball, 


141    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Buffalo,  Chapin  &  Oo^ 


154    Barwell,  J.  W.,  Waukegan,  111., 
215    Barwell,  J.  W.,  Waukegan,  111., 


Sprlngville,  B.  Chaffee, 
Delhi,  Penfield  MUling  Oo^ 


180    Mohawk     Milling    and     MaMing     Co.,* 
Mohawka 


129  American  Cereal  Co.,  Chicago,  111., 

183  American  Cereal  Co.,  Chicago,  111., 

200  Arcade  Mills,  Kingston, 

206  Brooks  Griffith  Co.,  Minneapolis,  Minn., 

210  Brooks  Griffith  Co.,  Minneapolis,  Minn., 

213  Brooks  Griffith  Co.,  Minneapolis,  Minn., 

214  Kaufmann  Milling  Co.,  St  Louis,  Mo., 

211  Simpson  Hendee  &  Co.,  New  York, 

212  Simpson  Hendee  &  Co.,  New  York, 

153  The  H.  O.  Co.,  Buffalo, 

207  The  H.  O.  Co.,  Buffalo. 


Alfred,  W.  0^  Burdick  & 

Co., 
Roundout,  F.  H.  Griffiths, 
Stamford,  D.  C.  Hoagland, 
Delhi,  Dean  &  Bramley, 
Delhi,  Gleason  &  Klff, 
Delhi,.  Gleason  &  Klff, 
Delhi,  Penfield  Milling  Co., 
Delhi,  Gleason  &  Klff, 
Delhi,  Gleason  &  Klff, 

Buffalo,  Schen  Bros., 
Belhl^  Gleason  ft  KUt 
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COLLVGTKD  DURING  THB   FaLL  OF  1900. 


Col. 
lee 


Ko. 


Name  of  feed. 


202  Prime  cotton  seed  meal, 
216  Prime  cotton  seed  meal« 
174    Cotton  seed  meal, 


Protein.  F*t. 

^  y.           *             ^  Grade  Price 

Oaarnn-  Qnaran-     fiber     per 

Found,    teed.  Found,     teod.     found,    ton. 

P0rcL    Ferct.  Per  et.    Peret.    Peret. 

45.8    43.0  9.3      9.0               127.00 

45.1  43.0  11.8      9.0 

43.2  43.0  9.1      9.0 


165    Linseed  meal,  O.  P., 
167    Linseed  meal,  O.  P., 


85.6    89.62      7.8      8.53  33.00 

85.1    39.62      7.9      8.53  35.00 


181 
148 
169 
124 
131 

Linseed  oil  meal, 

S.  K.  oU  meal, 

Oil  meal, 

iMayflower  linseed  meal, 

Mayflower  linseed  meal, 

36.1 
83.7 
36.7 
17.6 
16.6 

36.70 
35.94 
35.15 
32.36 
32.36 

9.4 
12.8 
7.8 
4.3 
4.5 

7.83 

5.04 

7.05 

5.7 

5.7 

20.7 
22.6 

35.00 

32.00 
35.00 

152 

King  gluten  meal. 

86.4 

32.6 

2.7 

8.7 

209 
126 

iDaisy  gluten  feed, 
Buffalo  gluten  feed. 

19.4 
25.6 

27.0 

2.5 

5.6 

3.3 

8.9 

49.00 

201 
134 
164 

Davenport  gluten  feed, 
Diamond  gluten  feed. 
Diamond  gluten  feed. 

26.7 
28.7 
26.9 

27.0 
27.0 
27.0 

5.3 
3.6 
2.8 

3.3 
3.3 
3.3 

22.00 
19.00 
21.00 

151 
156 
S40 
192 

Gluten  feed. 
Gluten  feed, 
Gluten  feed. 
Gluten  feed. 

20.9 
23.1 
19.0 
24.2 

21.2 
21.2 
21.2 
21.2 

2.7 
3.3 
2.4 
4.0 

2.9 
2.9 
2.9 
2.9 

3.9 

22.00 

217 
139 

iSpecial  gluten, 
Waukegan  gluten  feed, 

14.8 
26.8 

27.38 

3.3 
3.6 

3.39 

11.7 

20.50 
20.00 

141 

Germ  oil  meal, 

23.4 

25.0 

7.8 

10.5 

' 

154 
216 

Blatchfords*  calf  meal, 
Blatchfords'  calf  meal. 

24.4 
25.3 

27.12 
27.12 

4.7 
4.6 

6.80 
6.80 

70.00 
70.00 

180 

Malt  sprouts, 

22.7 

23.95 

4.9 

3.9B 

15.00 

129 

183 
200 
205 
210 
213 
214 
211 
212 

Buckeye  wheat  feed. 
Buckeye  wheat  feed, 
SMixed  feed, 
Royal  mixed  feed, 
Royal  mixed  feed, 
4Royal  mixed  feed, 
SKauffmann's  mixed  feed, 
Angola  mixed  feed, 
Angola  mixed  feed, 

lao 

18.3 
17.1 
17.4 
17.8 
16.3 
18.3 
16.8 
17.6 

16.21 
16.21 

16.61 
16.61 
16.61 

16.61 
16.61 

6.4 
4.8 
10.3 
4.9 
5.4 
4.8 
4.3 
5.0 
5.3 

4.48 
4.48 

5.48 
5.48 
5.48 

5.48 

5.48 

6.7 
8.8 
7.0 

9.1 
7.3 
8.1 
9.4 

20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 

153 
307 

H.  0.  Oo.'s  dairy  feed, 
H.  0.  CJo.'s  dairy  feed, 

24 

18.6 
18.1 

18.0 
18.0 

4.0 
4.3 

4.5 
4.5 

13.5 
13.5 

18.00 
23.00 
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Tablb  III. 


Gol. 

lec- 
tion 
No. 


Name  and  address  of  maaafactnror  or  Jobber. 


150  The  H.  O.  Co.,  Buffalo. 

178  The  H.  O.  Co.,  Buffalo. 

196  The  H.  O.  Co.,  Buffalo. 

206  The  H.  O.  Co.,  Buffalo. 

172  American  Cereal  Co.,  Chicago,  IlL, 

130  American  Cereal  Co.,  Chicago,  111., 

159  American  Cereal  Co.,  Chicago,  IlL, 

155  Chapln  &  Co.,  Buffalo, 

218  Diamond  Elevator  and  Milling  Co.,  Min- 
neapolis, Minn., 

ISi  Hudnut  Co.,  Terre  Haute,  Ind., 

187  Indianapolis  Hominy  Mills,  Indianapo- 
lis, Ind., 

190  Miami  Maize  Co.,  Toledo,  O., 

203  Miami  Maize  Co.,  Toledo,  O., 
144  Oriental  Flour  Co.,  Danville,  111., 
180  Patent  Cereals  Co.,  Greneva, 

142  Pfeffer  Milling  Co.,  Lebanon,  111., 
140  Rodebaugh,  J.  H.,  Buffalo, 

191  Shellabarger  Mill  &  Elevator  Co.,  Deca- 

tur, 111.. 

204  Shellabarger  Mill  &  Elevator  Co..  Deca- 

tur. 111., 

143  r.  S.  Prumentum  Co.,  Detroit,  Mich., 

197  Wiedler,  S.  W.,  &  Co.,  Cincinnati,  O., 

127  Wright,  M.  M.,  &  Co.,  Danville,  111., 


173  Chapin  &  Co.,  Buffalo, 

177  Glucose   Sugar   Refining  Co.,   Chicago, 
IlL, 

137  Acme  Mills  Co..  Clean, 

198  Akron  Cereal  Co.,  Akron,  O., 

128  American  Cereal  Co.,  Chicago,  IlL, 

163  American  Cereal  Co.,  Chicago,  111., 

168  American  Cereal  Co.,  Chicago.  UL, 

170  American  Cereal  Co.,  Chicago.  111., 

121  American  Cereal  Co.,  Chicago.  111., 

189  Dagley,  G.  W.,  &  Son,  Peekskill, 

190  Cerealine  Mfg.  Co.,  Indianapolis,  Ind., 

160  Cleveland  Milling  Co.,  Cleveland,  O., 

135  Crescent  Milling  Co.,  Allegany, 

145  Crittenden,  M.  L.,  Buffalo. 

146  Crittenden,  M.  L.,  Buffalo. 


Sampled  at 

Buffalo,  O.  B.  Perry  Sc  Co., 

Mohawk,  Mohawk  Milling 
and  Malting  Co., 

Kingston,  Everett  &  Tread- 
well, 

PelhL  Gleason  &  Kiff, 

Lockport,  W.  E.  &  H.  K. 
Whicker, 

Alfred,  W.  0.  Burdlck  & 
Co., 

Salamanca,  E.  K.  Abbott, 

Springville,  B.  Chaffee, 
Delhi,    Cooperative    Store 

Co., 
Rondout,  F.  H.  Griffiths, 

Rondout,  A.  S.  Staples, 
Stamford,  D.  C.  Hoagland, 
Delhi,  Dean  &  Bramley, 
Buffalo.  John  G.  Heinold, 
Rondout,  A.  S.  Staples, 
Buffalo,  J.  H.  Rodet>augh, 
East  Aurora,  E.   E.   God- 
frey, 
PeekskiU,  C.  S.  Horton  & 
Sons, 

Delhi,  Dean  &  Bramley, 

Buffalo,  J.  H.  Rodebaugh. 

Kingston,  Wilson  &  W^ol- 
ven, 

Horncllsville,  Steph.  Hol- 
lands. 

Lockport,   John  T.    Darri- 

son« 
Oneida,   Rathbun    Sawyer 

Co.^ 


Kingston,  Chas.  F.  Gray, 
Alfred,   W.   C.  Burdlck  & 

Co.. 
Brockport,  C.  B.  Shafer, 
Albion,  Woods  &  Sprague, 
Lockport,  James  D.  RigneL 
Corning,  S.  T.  Hayt, 

9 

PeekskiU,  G.  W.  Bagley  & 

Son. 
Little  VaUey,  Geo.  W.  Grlf- 

flth8» 

a 
a 
a 
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'^ConHinud, 


Frotota. 


Tw^ 


leo- 
tkm 
No. 

Ourmii- 
Found,    teed. 

Foand. 

teed. 

Crude 
fiber 
found. 

Price 
per 
ton. 

Ferct.  Pm'cL 

P§r  el.  Per  eU 

Perct. 

150 
178 

H.  O.  Co.*B  horse  feed, 
H.  O.  Co.'B  liorse  feed. 

12.6 
123 

12.0 
12.0 

3.8 
3.8 

4.5 
4.5 

9.4  $20.00 
10.9    22.00 

196 

H.  0.  Oo.'B  horse  feed. 

13.3 

12.0 

4.8 

4.5 

10.9 

23.00 

206 

172 

H.  0.  Go.'8  horse  feed, 
Quaker  dairy  feed. 

12.7 
18.0 

12.0 
12.03 

8.7 
8.4 

4.5 
2.50 

8.9 
16.5 

22.00 

laoo 

130 

Schumacher's  stock  feed. 

11.4 

10.79 

5.2 

3.28 

12.1 

20.00 

159 

Schumacher's  stock  feed. 

10.7 

10.79 

4.7 

3.28 

12.4 

21.00 

155 

218 

»Hominy,  "Mohawk" 
'Hominy  feed. 

10.8 
10.3 

8.4 
7.1 

18.00 
19.00 

184 

Hominy  feed, 

11.0 

12.85 

9.2 

8.52 

19.00> 

187 
199 
203 
144 
186 
142 

Hominy  feed. 
Hominy  feed, 
Hominy  feed. 
Hominy  feed. 
Hominy  feed. 
Hominy  feed, 

11.6 
10.9 
10.4 
10.8 
12.1 
11.4 

11.10 
10.93 
10.93 
11.06 
11.64 
10.00 

8.9 
10.4 
7.6 
7.0 
9.9 
9.5 

10.47 
7.05 
7.05 
9.85 
8,08 
8.00 

18.00 
20.00 
18.50 

18.00 

140 
191 

•Hominy  feed, 
Hominy  feed, 

11.0 
11.6 

10.15 
10.76 

8.8 
10.4 

6.63 
8.64 

17.50 
19.50 

204  Hominy  feed, 

143  Hominy  feed, 

197  Hominy  feed, 

127  Hominy  feed. 


12.0  10.76  8.9  &64               19.50 

11.8  10.15  9.9  6.63 

11.3  9.98  9.0  &d3               18.00 

11.3  10.93  9.8  aOO 


173  'Sugar  com  feed, 

177  Sugar  com  feed, 

137  Acme  feed, 

198  Com  and  oat  chop.  No.  1, 

128  Victor  corn  and  oat  feed, 

163  Victor  corn  and  oat  feed, 

168  Victor  corn  and  oat  feed, 

170  Victor  corn  and  oat  feed, 

121  Vim  oat  feed, 

189  Mixed  feed, 

190  Cerealine  feed,  No.  2, 

160  *C.  chop  feed, 

135  Chop  feed. 

145  ^Sterling  com  meal, 

140  Sterling  provender. 


13.1 

3.5 

17.00 

13.5 

13.5 

3.6 

8.0 

18.00 

8.6 
10.8 

9.70 
7.94 

4.6 
6.7 

4.41 
4.18 

7.3 

12.1 

19.00 
18.35 

ao 

9.2 
9.2 
9.1 
5.1 
13.3 

8.23 
8.23 
8.23 
8.23 
6.30 
12.44 

3.8 
5.1 
4.6 
4.4 
1.9 
7.0 

3.00 
3.00 
3.00 
3.00 
2.58 
4.65 

10.8 
11.9 
10.6 

9.9 
29.6 

5.8 

18.00 
18.00 
17.50 
18.00 
16.00 
22.00 

12.4 

10.31 

10.1 

8.62 

2.4 

21.00 

8.9 
8.0 
8.4 
7.6 

9.13 

8.40 

11.12 

8.82 

4.2 
3.9 
4.3 
3.2 

3.27 
3.58 
6.46 
5.55 

4.8 

8.9 

6.4 

14.9 

19.00 
l&OO 
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BkPORT  of   INSPE9CTION   WoBK  OF   TH» 


Col- 


tablb  m 


Ko.        Kftme  and  address  of  mannlkctorar  or  Jobber. 


Smpledal 


147  Crittenden.  M.  L.,  Buffalo. 

194  brow  &  Williams,  Osslning, 
149  Diamond  Mills,  Buffalo, 

158  ElllcottYiUe  Milling  Ck>.,  BUicottYille, 

122  Empire  Mills,  Olean, 
136  Empire  Mills,  Olean, 
120  Hayt,  S.  T.,  CJorning, 

198  Heath,  H.  R.,  &  Sons.  Fort  Dodge,  la., 

133  Hotton  Bros.,  Portville, 

195  Kentucky  Milling  Go.,  Henderson,  Ky., 

179  Mohawk   Milling  &   Malting  Co.,   Mo- 
hawk, 

138  Oliver  &  Bolender,  Olean. 

132  Phelps  A  Sibley,  Cuba, 

125  Sanbome  &  McClave.  Blmlra, 

185  Staples,  A.  S.,  Rondout, 

182  Streeter,  L.  Li.,  &  Sons,  Johnstown, 

157  Victor  Milling  Co.,  SpringvlUe, 

s38  Adams,  E.  M.,  Franklinyllle, 

s42  Saunders,  G.  P.,  Dunkirk, 

8 19  Bidleman  &  Rowley,  Medina, 

s  22  Gage,  W.  G.,  &  Co.,  Fulton, 

s  23  Osborn,  W.  H..  Mexico, 

s  18  Acme  Mills,  Olean, 

6 10  Adams,  E.  M.,  Franklinvllle, 

s  14  Amity  Roller  Mills,  Belmont, 

s  43  Benson,  A.  T.,  Cattaraugus, 

s  20  Bidleman  &  Rowley,  Medina, 

•s24  Cleveland  Milling  Co.,  Cleveland,  O.. 

s  15  Dean  &  Spring  Mfg.  Co.,  Franklinville, 

s  21  Fitzpatrick  &  Weller,  BUicottville, 

B  35  Godfrey,  E.  E.,  East  Aurora, 

s  13  Griggs  &  Ball,  East  Aurora, 

8 11  Oliver  &  Bolender,  Olean, 

s  16  Saunders,  G.  P.,  Dunkirk, 

8  41  Sowl  Milling  Co.,  Salamanca, 

s  34  True  &  Young,  Cattaraugus, 

^s  12  Hollands,  Stephen,  Homellsvllle, 

*s  17  Berger,  Anderson  Co.,  Milwaukee,  Wis., 

b39  Hollands^  Stephen,  HornellsviUe, 

8  36  Fitzpatrick  &  Weller,  Elllcottville, 

s  37  Weinhold,  G.,  Buffalo, 

123  American  Cereal  Co.,  Chicago,  111., 
171  American  Cereal  Co.,  Chicago,  111., 
162  H.  O.  Co.,  Buffalo, 

208  H.  O.  Co.,  Buffalo, 

119  Bowker  Fertilizer  Co.,  Boston,  Mass., 

166  Bowker  Fertilizer  Co.,  Boston,  Mass., 

175  Finn's,  H.,  Soms,  Syracuse, 

188  McCoy  &  Be«t,  Peeksklll, 

133  Preston  F«rtiliMr  Qow,  Brooklyn, 


Coming,  W.  M.  Killigrew, 


Ossining,  Crow  &  Williams, 

Kingston,  Everett  &  Tread- 
well, 


Friendship,      Graham      & 

Robinson. 
HornellsviUe,   Simmons  & 

Howell, 


Adams,  I.  M.  Bateman. 


Snlamanca,  B.  R.  Abbott, 


Cattaraugus,  A.  T.  Benson, 


Springville,         SpringriUe 

Roller  Flour  Mills. 
Corning,  W.  M.  Killigrew,' 
Lockport,  James  O.  Rignel, 
Dunkirk,  J.  W.  O'Brien  & 

Delhi,  Gleason  &  Kiff, 
Medina,  S.  P.  Blood  &  Co., 
Brockport  C.  B.  Shafer, 


Gotben,  OonkUn  A  Oom- 
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CM- 

leo- 


Vol 

147 
194 
149 
158 
122 
136 
120 
198 
133 
195 


VMoeoffeed. 


138 
132 


O.  €md  W.  mixed  feed, 

Diamond  com  and  oat  feed* 

Cliop  feed, 

Empire  feed, 

Elmplre  feed, 

Ck>m  and  oat  chop  feed, 

Yankee  com  and  oat  feed, 

Ck>mmon  feed, 

Jersey  mixed  feed. 


179    Ckym  and  oat  chop. 


Chop  feed, 

'Com  and  oat  chop, 


GnarMi' 
Ftoand.    teed. 
Perct.   Peret, 


*— ■»-       -N  Gmde  Piioe 

Onanui-  fibre        per 

Fonnd.    teed,    foond.  ton. 

P^ct,   Perct.  PmrU, 


10.8 

10.4 

7.9 

&1 

8.4 

8.2 

11.3 

7.1 

10.1 

14.9 


125    'Diamond  mills  special  chop,        9.9 


185  Arcade  mixed  feed, 

182  Common  feed, 

157  Golden  chop, 

8  38  Corn  meal,  No.  2, 

8  42  Com  meal.  No.  % 

8 19  Oats,  ground, 

8  22  Oats,  ground, 

8  23  Oats,  ground, 

8  18  Corn  and  oats, 

8 10  Com  and  oats, 

8  14  Corn  and  oats, 

8  43  Corn  and  oats, 

8  20  Com  and  oats, 

8  24  Corn  and  oats, 

8 15  Corn  and  oats, 

8  21  Corn  and  oats, 

8  35  Com  and  oats, 

8  13  Corn  and  oats, 

8  11  Corn  and  oats, 

B 16  Corn  and  oats, 

8  41  Com  and  oats, 

b34  Com  and  oats, 

8  12  'Chop,  No.  1, 

8  17  'Mixed  feed,  "  Badger,** 

8  39  'Feed,  No.  2,  bran,  meal  and 

middling, 

8  36  Middlings,  winter  wheat, 

b37  Flour,  for  feed, 

123  American  poultry  food, 

171  American  poultry  food, 

162  H.  O.  Co.'s  poultry  feed, 

208  H.  O.  Co.'s  poultry  feed, 

119  Bowker's  animal  meal, 

166  Bowker's  animal  meal, 

175  Ground  meat  and- bone, 

188  Evap.  bone  and  meat  meal, 

»83  Champion  poultry  food, 

*>  Kot  lioenied  In  tbU  State  in  1900. 

*  Sample  token  at  mill. 

>  Subject  to  lIceDAe  as  marked. 


10.27 

10.0 
9.44 

10.38 
7.68 
7.68 

10.00 
a96 
8.38 

11.59 


8.8 
6.5 
3.2 
4.1 
3.8 
3.8 
6.8 
2.5 
5.2 
3.9 


4.43 

4.5 

4.78 

4.14 

2.97 

2.97 

4.00 

4.33 

4.85 

3.48 


11.7 

9.5  $21.00 
10.6 

8.4  laoo 

6.1  19.00 

ai  20.00 

8.1  19.00 

15.6  18.50 

9.9  18.00 

13.4  19.50 


11.8      6.52      8.9      2.52      6.2 

9.4      ai3      6.1      4.59      7.8    19.00 
10.5  4.6  4.2    22.00 


4.8 


1.6    22.00 


11.5 

10.42 

5.5 

5.86 

6.7 

18.00 

ao 

a78 

3.6 

5.23 

7.3 

19.40 

8.0 

9.17 

8.9 

5.84 

10.8 

18.00 

9.4 

4.4 

2.0 

10.1 

3.9 

1.9 

12.9 

7.6 

9.6 

11.2 

3.4 

9.6 

11.1 

2.9 

10.7 

9.9 

5.6 

3.7 

9.4 

8.5 

7.6 

10.1 

3.3 

6.0 

10.9 

4.5 

7.3 

10.6 

6.2 

4.9 

10.3 

6.0 

5.8 

* 

10.3 

4.7 

5.5 

10.5 

6.6 

4.8 

12.3 

8.2 

6.5 

10.7 

6.6 

6.8 

10.5 

4.1 

3.4 

10.3 

6.1 

4.1 

11.3 

3.9 

4.7 

11.1 

4.9 

7.4 

11.6 

6.2 

6.5 

16.8 

7.1 

9.0 

15.3 

6.1 

7.6 

19.8 

6.1 

4.6 

13.6 

1.6 

0.6 

13.1 

13.65 

6.8 

3.96 

4.1 

25.00 

13.3 

13.65 

7.2 

3.96 

4.8 

25.00 

17.4 

17.0 

5.4 

5.5 

5.1 

30.0() 

17.4 

17.0 

5.8 

5.5 

5.0 

30.00 

46.5 

30.0 

10.1 

5.0 

45.00 

39.1 

30.0 

10.3 

5.0 

60.00 

44.4 

45-51 

17.7 

15-22 

30.00 

39.8 

41.40 

16.5 

19.75 

30.00 

23.8 

40.0 

9.6 

8.0 

4  Bonirbt  of  Wilson  Sc  Eaton,  Amenia,  N.  Y.,  for 

Royal  Mixed  Feed. 
*  I  f  1  icenaed  no  eyldeoce  shown .  ,      r^r^t^ir-> 
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374  BoPORT  OF  Inc^pbx)tion  Work  of  thb 

Tablb  IY. — Samples  or  Febdino  Stuffs 
Col- 

leo- 
tion 
Ko.  Kmm  and  addreM  of  maniifkctarer  or  Jobbor.  fiMnpled  §A 

245    American  Ootton  Oil  Co.,  Little  Rock,  Homer,  Newton  &  CJo., 

Arlt., 
254    American  Ootton  Oil  CSo.,  Little  Rock,  Marathon,  Marathon  Roller 

Ark.,  Mills. 

301    American  Ootton  Oil  Oo.,  New  York,        Binghamton,  Geo.  Q.  Moon 

&  Co., 

360  American  Cotton  Oil  Co.,  Helena,  Ark.,   Oswego,  Geo.  H.  Hunt, 
346    Chapin  &  Co.,  St.  Louis,  Mo.,  Oxford,  Byron  Gray, 
286    Chattanooga   Cotton    Oil    Co.,    Chatta-  Owego,  Geo.  Nichols. 

nooga,  Tenn.. 
260    Empire  Grain   &   Elevator  Co.,   Bing-  Whitney's    PoUit.    A.    F. 

•     liampton,  Sanders. 

326    Hunter  Bros.,  St.  Louis,  Mo.,  Oneonta,  Ford  &  Rowe, 

352    Independent  Cottonseed  Oil  Co.,  Mem-  Norwich,  H.  O.  Hale. 

phis,  Tenn., 

361  Independent  Cottonseed  Oil  Co.,  Mem-  Oswego,  Geo.  H.  Hunt. 

phis,  Tenn., 
320    Oneonta  Milling  Co.,  Oneonta,  Sidney,  Roseboom  &  IngrSr 

ham. 

338  J.  G.  Fall  &  Co.,  Memphis,  Tenn.,  Oneonta,  Oneonta  Milling 

Co.. 

339  Booker  &  Gentry,  Memphis,  Tenn.,  Oneonta,  Oneonta  Milling 

Co.. 
222    American  Linseed  Co.,  New  xork.  Auburn,  W.  L.  Noyes, 

292    American  Linseed  Co.,  New  York,  Binghamton.    Binghamton 

Produce  Co., 
300    American  Linseed  Co.,  New  York,  Binghamton,  Geo.  Q.  Moon 

&  Co.. 
363    American  Linseed  Co.,  New  York,  Phoenix,  A  C.  Parker, 

273    Dayton  Milling  Co.,  Towanda,  Pa.,  Waverly,  John  C.  Shear, 

244    Empire  Grain  &  Elevator  Co.,  Bingham-  Homer,  Newton  &  Co.. 

ton, 
267    Hauenstein  &  Co.,  Buffalo,  Elmlra,  A.  F.  Rohmer. 

284    Mann  Bros..  &  Co.,  Buffalo,  Wayerly,  D.  V.  Personius 

&  Son. 
325    Midland  Linseed  Oil  Co.,  Minneapolis,  Oneonta,  Ford  &  Rowe, 

Minn., 
336    National  Linseed  Co.,  New  York,  Oneonta,  Oneonta  Milling 

Co., 
319    Oneonta  Milling  Co..  Oneonta*  Sidney,  Roseboom  &  Ingra- 

ham, 
373    Union  Linseed  Co.,  Troy,  Penn  Yan,  John  Conklin  Sk 

Son. 
231    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Cortland.  S.  N.  Holden  & 

Co., 
304    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Binghamton,  Empire  Grain 

&  Elevat<Mr  Co.. 
239    Glucose  Sugar  Refining  Co..  Chicago,  111..  Cortland,  Brayton  Bros.. 
249    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Marathon,  J.  H.  Sieber  & 

Son. 
277    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Waverly.  John  C.  Shear, 
2&S    Glucose  Sugar  Refining  Co..  Chicago, 111.,  Waverly,  D.  V.  Personius 

&  Son. 
318    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Walton.  Smith  &  St.  John, 
357    Glucose  Sugar  Refining  Co.,  Chicago.  111.,  Norwich.  Robert  D.  Eaton, 
258    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Whitney*s    Point.     Henry 

Braman, 
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Collected  During  the  Spbimq  or  1901. 

Ool- 
leo- 


No.  KttBeoffMd. 

245  Cottonseed  meal,  prime* 

254  Cottonseed  meal,  prime^ 

301 '  Cottonseed  meal, 

360  Cottonseed  meal,  prime, 

346  Cottonseed  meal, 

286  *  Cottonseed  meal, 


meal,      "Lily" 


260  'Cottonseed 

brand, 

320  Cottonseed  meal, 

352  'Cottonseed     meal,      '*  Sunny 

South," 

361  Cottonseed  meal,  prlme^ 

320  *  Cottonseed  meal, 

338  'Cottonseed  meal« 

339  'Cottonseed  meal, 

222  Oil  meal,  O.  P., 

292  Oil  meal,  O.  P., 

300  Oil  meal,  O.  P., 

363  on  meal,  O.  P., 

273  'Oil  meal,  O.  P., 

2H  *0\\  meal,  O.  P., 

267  Oil  meal,  O.  P., 

284  Oil  meal,  O.  P., 

325  Oil  meal,  O.  P., 

336  'Oil  meal,  O.  P., 

319  •Oil  meal,  O.  P^ 

373  Oil  meal.  Cow  brand, 

231  Gluten  meal,  Chicago, 

304  Gluten  meal,  Chicago, 

239  Gluten  feed,  Buffalo, 

249  Gluten  feed,  Buffalo, 

277  Gluten  feed,  Buffalo, 

283  Gluten  feed,  Buffalo, 

318  Gluten  feed,  Buffalo, 

357  Gluten  feed,  Buffalo, 

258  Gluten  feed,  Marshallton, 


Pjrotein. 

Fat 

Goaran- 
Foond.    teed. 

OrndA   Price 

Found. 

Qaaran- 
teed. 

fiber     per 
found,    ton. 

F^rct. 

P€r  et. 

Peret. 

Ferct, 

F€reL 

42.1 

43.0 

9.0 

9.0 

$30.00 

43.2 

43.0 

10.2 

9.0 

31.00 

46.6 

43.0 

9.6 

9.0 

26.50 

45.1 
45.0 
44.0 

43.0 
43.0 

9.9 
9.4 

9.8 

9.0 
9.0 

27.00 
26.00 
26.00 

44.6 
43.0 

43.0 
43.0 

a5 

9.6 

9.0 
9.0 

27.00 
24.50 

24.1 
45.5 

25.0 
42-46 

6.2 
10.7 

6-7 
8-12 

20.0  26.00 
27.00 

44.4 

43.0 

8.2 

9.0 

27.00 

45.6 

41-43 

9.8 

9-10 

25.00 

43.3 

43.0 

9.1 

9.0 

25.00 

86.1 
82.3 

32-36 
32-36 

9.8 

7.7 

5-7 
&-7 

28.75 

84.0 

32-36 

7.4 

5-7 

80.00 

86.6 
88.7 
81.8 

32-36 

8.1 
2.6 
7.4 

5-7 

36.00 
33.00 

87.1 

40.96 

7.4 

8.65 

40.00 

85.4 
29.7 

35.15 
32^ 

7.1       7.05 
8.0  5.75-9 

40.00 
27.50 

80.3 

6.8 

28.00 

87.8 

38-40 

2.2 

1-3 

80.00 

85.4 

22.09 

7.5 

6.32 

89.1 

38.0 

8.0 

3.2 

25.00 

86.8 

38.0 

4.8 

3.2 

24.00 

25.9 
27.1 

28.5 
28.5 

2.7 
3.9 

3.3 
3.3 

21.00 
20.00 

27.4 
26.9 

28.5 

28.5 

3.5 
4.2 

3.3 
3.3 

21.00 
21.00 

27.4 
24.9 
2a6 

28.5 
28.5 
28.5 

4.2 
3.8 
3.7 

3.3 
3.8 
8^ 

20.50 
21.00 
20.00 
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Bbpo&t  of  Inspibotiom  Wo&k  of  thb 


Tajux  it. 


OoL 

leo- 

tiOQ 

No. 


823 
359 


Name  and  addreaa  of  maniifaotvrer  or  joMier. 


Samplod  a* 


308    Glucose  Sugar  Refining  Co.,  Chicago,  IlL, ! 
310    Glucose  Sugar  Refining  Co.,  Chicago,  IlL, : 


Deposit,  Hlnman  Bros., 
Deposit,     Deposit     Milling 

Co., 
235    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Cortland,  S.  N.  Holden  & 

Co., 
Owego,  Geo.  Nichols, 
Sidney,  Roseboom  &  Ingra- 

ham. 
Cortland,  I.  V.  Johnson, 
Homer,  W.  H.  Darby, 
Marathon,  Marathon  Roller 

Mills. 
Gneonta,  Ford  &  Rowe, 
Oswego,  Geo.  H.  Hunt 


288  Glucose  Su|;ar  Refining  Co.,  Chicago,  III.,  < 

322  Gneonta  Milling  Co.,  Gneonta, 

228  U.  S.  Sugar  Refining  Co.,  Chicago,  IlL, 

242  U.  S.  Sugar  Refining  Co.,  Chicago,  111., 

252  U.  S.  Sugar  Refining  Co.,  Chicago,  lU., 


U.  S.  Sugar  Refining  Co.,  Chicago,  111., 
U.  S.  Sugar  Refining  Co.,  Chicago,  111., 


240    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Cortland,  Brayton  Bros., 
840    Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Gneonta,   Gneonta   Milling 

Co., 


219  Banner  Food  Co.,  Auburn, 

230  Barwell  J.  W.,  Waulcegan,  111., 

264  Barwell.  J.  W.,  Waukegan,  111., 

276  Barwell,  J.  W.,  Waukegan,  IIU, 

366  Nester,  S.  K.,  Genera, 

226  American  Cereal  Co.,  Chicago,  111., 

256  American  Cereal  Co.,  Chicago,  111., 

289  American  Cereal  Co.,  Chicago,  111., 

298  American  Cereal  Co.,  Chicago,  111., 

370  American  Cereal  Co.,  Chicago,  111., 

324  Blue  River  Milling  Co.,  Edinburg,  Ind., 

241  Fish  &  Co..  New  York, 

341  Hunter  Bros.,  St.  Louis,  Mo., 

327  Kehlor  Bros.,  St.  I^uls,  Mo., 

367  Kehlor  Bros.,  St.  Louis,  Mo., 
333  National  Milling  Co.,  Toledo,  G., 
855  National  Milling  Co.,  Toledo,  G., 
8  31  strait,  C.  W.,  Homer, 

232  H.  G.  Co.,  Buffalo, 

315  H.  G.  Co..  Buffalo, 

330  H.  G.  Co..  BufFalo, 

354  H.  G.  Co.,  Buffalo, 

293  H.  G.  Co.,  Buffalo, 

31G  H.  G.  Co.,  Buffalo, 

321)  II.  G.  Co.,  Buffalo, 

343  Gneonta  Milling  Co.,  Gneonta, 

251  American  Cereal  Co.,  Chicago,  III., 

274  American  Cereal  Co.,  Chicago,  111., 

306  American  Cereal  Co.,  Chicago,  111., 

349  American  Cereal  Co..  Chicago,  111., 


Cortland,  I.  V.  Johnson, 
Elmlra,  D.  Bevler, 
Waverly,  John  C.  Shear, 


Cortland,  I.  Y.  Johnson, 
Whitney's    Point,    Homer 

Smith. 
Owego,  Geo.  Nichols. 
Binghamton,  B.  Baker, 
Geneva,  Geneva  Coal  Co., 
Gneonta.  Ford  &  Uowe. 
Homer,  W.  H.  Darby, 
Gneonta,   Gneonta   Milling 

Co., 
Gneonta,  Morris  Bros., 
Geneva,  J.  J.  Holman. 
Gneonta,  Morris  Bros., 

Norwich,  Robert  D.  Eaton, 

• 

Cortland,  S.  N.  Holden  & 

Co., 
Walton,  Smith  &  St  John, 
Gneonta,  Morris  Bros., 
Norwich,  H.  G.  Hale, 
Binghamton,     Binghamton 

Produce  Co., 
Walton,  Smith  &  St.  John, 
Gneonta,  Morris  Bros.. 

Marathon,  J.  H.  Sieber  & 

Son, 
Waverly,  John  C.  Shear. 
Binghamton,  Empire  Grain 

&  Elevator  Co.. 
Gxford,  Byron  Gray, 
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Got 

loC- 

Hon 
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NAme  of  feed. 


306    Gluten  feed,  Marshallton, 
310    Gluten  feed,  Marshallton, 


^  *  ■» ,  >         ^  >   Cmde  Price 

Gnaraii'  OaarnD-    fiber     per 

Fonnd.     teed.     Fonod.     teed     found,    ton. 
Fer  et.    Per  et.    Per  et    Per  et.  Per  et. 
dO.l    28.5        4.0      3.3  $21.00 

28.8    28.5        4.9      3.3  21.00 


235    Gluten  feed,  Roc-kford  diamond,  25.7    28.5        4.7 


288    Gluten  feed,  Rockford  diamond,  27.2    28.5 
322    *  Gluten  feed,  13.6     


4.9 
3.8 


3.3 
3.3 


20.00 

20.00 
20.00 


228  Gluten  feed,  Waukegan, 

242  Gluten  feed,  Waukegan, 

252  Gluten  feed,  Waukegan, 

323  Gluten  feed.  Waukegan, 

359  Gluten  feed,  Waukegan, 


22.4  27.38  4.5  3.39  20.00 

27.0  27.38  4.2  3.39  20.00 

27.1  27.38  4.3  3.39  20.00 

27.3  27.38  5.1  3.39  20.40 

26.9  27.38  6.2  3.39  22.00 


240 
340 

Germ  oil  meal. 
Germ  oil  meal. 

23.9 
21.1 

25.5 
25.5 

8.6 
12.0 

10.5 
10.5 

28.00 
22.00 

219 
230 
264 
276 

Banner  stock  food, 
Blatchford's  calf  meal, 
Blatchford'B  calf  meal, 
Blatchford's  calf  meal. 

26.9 
25.1 
24.4 
25.8 

25.0 
26.0 
26.0 
26.0 

6.6 
5.0 
5.4 
5.5 

5.0 
5.0 
5.0 
5.0 

12.2  160.00 

70.00 
70.00 
70.00 

366 

Malt  sprouts^ 

26.6 

25.0 

4.1 

2.0 

15.00 

226 
256 

Buckeye  wheat  feed. 
Buckeye  wheat  feed, 

17.3 
16.7 

16.21 
16.21 

4.9 
5.2 

4.48 
4.48 

20.00 
19.75 

289 
298 
370 
324 
241 
341 

Buckeye  wheat  feed. 
Buckeye  wheat  feed, 
Buckeye  wheat  feed, 
•Mixed  feed. 
•Mixe<l  feed,  "Rex,'* 
•Mixed  feed,  "Excelsior," 

18.1 
18.3 
16.7 
17.3 
17.5 
17.3 

16.21 
16.21 
16.21 

4.9 
4.9 
5.1 
5.4 
4.9 
5.0 

4.48 
4.48 
4.48 

7.8 
8.2 
8.2 

20.00 
20.00 

327 
367 
333 
355 
8  31 

232 

•Mixed  feed, 
•Mixed  feed, 
•Delaware  feed, 
Delaware  feed. 
Bran  and  middlings, 
H.  O.  Co.'s  dairy  feed. 

17.3 
16.7 
17.0 
16.9 
15.6 
19.4 

18.0 

5.3 
5.1 
4.9 
5.4 
4.9 
4.9 

4.5 

8.6 
8.2 
7.4 
7.0 
7.6 
13.0 

21.00 
21.50 
21.00 
20.00 

20.00 

315 
330 
354 
293 

H.  O.  Co.*8  dairy  feed. 
H.  0.  Co.'s  dairy  feed, 
H.  O.  Co.'s  dairy  feed, 
H.  0.  Oo.'s  horse  feed. 

18.7 
18.8 
18.1 
12.3 

18.0 
18.0 
18.0 
12.0 

4.7 
4.7 
4.8 
4.2 

4.5 
4.5 
4.5 
4.5 

11.9 

12.0 

11.8 

9.6 

23.00 
21.50 
21.00 
22.00 

316 
329 
343 
251 

H.  0.  Oo.'s  horse  feed, 
H.  O.  Co.'s  horse  feed. 
Monarch  horse  feed, 
Quaker  dairy  feed. 

13.2 
13.2 
13.2 
14.1 

12.0 
12.0 
13.0 
12.03 

4.1 
4.0 
5.3 
3.6 

4.5 
4.5 
5.75 
2.50 

9.1 

9.6 

8.5 

15.5 

22.00 
21.50 
23.00 
18.00 

274 

306 

Quaker  dairy  feed, 
Quaker  dairy  feed. 

14.4 
14.7 

12.03 
12.03 

4.0 
3.9 

2.50 
2.50 

15.0 
15.9 

18.00 
17.00 

349 

Quaker  dairy  feed, 

13.4 

12.03 

3.6 

2.50 

15.2 

18.00 
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Col- 
lee- 
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No. 


237 

353 
368 

248 

234 

347 
225 
243 
238 

255 

259 

302 

328 
247 

335 

3G5 
356 
200 

309 

321 

305 

236 

250 

253 

280 

334 

358 
282 

371 
337 

221 
233 


Name  and  address  of  manafaotnrer  or  jobtMT. 

American  Cereal  Co.,  Chicago,  111., 
American  Cereal  Co.,  Chicago,  111., 

American  Cereal  Co.,  Chicago,  111., 
American  Cereal  Co.,  Chicago,  111., 

American  Malting  Co.,  Detroit,  Mich., 

Chapin  &  Co.,  St.  Louis,  Mo., 


Table  IV. 


Sampled  at 

Geneya,  Geneva  Coal  Co., 
Cortland,  S.  N.  Holden  & 

Co.. 
Norwich,  H.  O.  Hale, 
Geneva,  Geneva  Coal  Co., 

Marathon,  J.  H.  Sieber  & 

Son. 
Cortland,  S.  N.  Holden  & 

Co.. 
Oxford,  l^vron  Gray, 
(Portland.  C.  ().  Smith, 
Iloiiior,  Newton  &  Co., 


Chapin  &  Co.,  St.  Louis,  Mo., 

Clapp,  Artliur  .Tol•onw^  New  Yorlc, 

Cox,  C.  M..  &  Co.,  Geneva, 

Empire    Grain    &    Elevator    Co.,    Bing-  Corllaud.  Bray  ton  Bros . 

hampton. 
Empire    Grain   &   Elevator    Co.,    Bing-  Whitney's     Point,     Homer 

hampton.  Smith. 

Empire   Grain   &   Elevator   Co.,    Blug- Whitney's     Point,     Henry 

hampton,  Braman, 

Hudnut  Co.,  Terre  Haute,  Ind.,  Bingliamton,  Empire  Grain 

&  Elevator  Co., 
Hudnut  Co.,  Terre  Haute,  Ind.,  Oneonta,  Morris  Bros.. 

Indianapolis  Hominy  Mills,  Indlanapo-  Homer,    Paul    Billings    & 

Us,  Ind.,  Co., 

Miami  Maize  Co.,  Toledo,  O.,  Oneonta,   Oneonta  Milling 

Co., 
Patent  Cereals  Co.,  Geneva,  • 

Rodebaugh,  ,T.  H.,  Buffalo,  Norwich,  Robert  D.  Eatou. 

Seymore  &  Co.,  Buffalo,  Bingliamton,  Geo.  Q.  Moon 

&  Co.. 
Sheliabarger  Mill  &  Elevator  Co.,  Deca-  Deposit,     Deposit     Milling 

tur.  111.,  Co . 

Sheliabarger  Mill  &  Elevator  Co.,  Deca- Sidney,    Roseboom    &    In- 

tur.  111.,  graham, 

Suffern  Hunt  &  Co.,  Decatur,  111.,  Binghamton,  Empire  («raiu 

&  Elevator  Co., 
Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Cortland,  S.  N.  Holden  & 

Co.. 
Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Marathon,  J.  H.  Sieber  & 

Son. 
Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Marathon,  Marathon  Roller 

Mills. 
Glucose  Sugar  Refining  Co.,  Chicago,  111.,  Waverly,  D.  V.  Personius 

&  Son, 
Glucose  Sugar  Refining  Co.,  Chicago.  111.,  Oneonta,   Oneonta    Milling 

Co.. 
Glucose  Sugar  Refining  Co..  Chicago,  111.,  Norwich,  Robert  D.  Eaton, 
Parsonius,  D.  V.,  &  Son,  Waverly,  ■ 


Adikes,  J.  &  T.,  Jamaica, 
Akron  Cereal  Co.,  Akron,  O., 

American  Cereal  Co.,  Chicago,  111., 
American  Cereal  Co.,  Chicago,  111., 


257    American  Cereal  Co.,  Chicago,  111., 


Oneonta,   Oneonta   Milling 

Co.. 
Auburn.  W.  L.  Noves, 
Cortland,  S.  N.  Holden  & 

Co., 
Whitney  *8    Point,     Homer 

Smith. 
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Onnran-             Gnaran- 
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round. 

Prieo 
per 

ton. 

Peret.  PereL    Peret    Perct.     Perct. 

369 
237 

Quaker  dairy  feed, 
Schumacher's  stock 

feed. 

12.8 
11.5 

12.03 
10.79 

4.1 
5.4 

2.50 
3.28 

16.5  $18.00 
11.5     20.00 

353 
368 

Schumacher's  stock 
Schumacher's  stock 

feed, 
feed, 

11.6 
11.2 

10.79 
10.79 

5.0 
4.2 

3.28 
3.28 

11.8 
11.1 

20.00 
20.00 

248 

Hominy  feed, 

10.4 

9.89 

8.6 

7.06 

laoo 

234 

Hominy  feed,  green 

diamond, 

10.1 

11.0 

8.2 

ao 

19.00 

347 
225 
243 
238 

Hominy  feed,  green 

*  Hominy  meal,  iwp 

*  Hominy  meal, 
^Hominy  meal. 

diamond, 
com. 

10.5 
11.7 
10.4 
11.7 

11.0 

8.5 

10.4 

8  5 

0.7 

8.0 

4.6 

18.00 
19.00 
18.50 
20.00 

255 

*  Hominy  meal, 

10.9 

8.0 

20.00 

259 

'Hominy  meal. 

10.3 

6.4 

19.00 

302 

Hominy  feed. 

U^ 

12.85 

7.7 

8.52 

18.75 

328 
247 

Hominy  feed. 
Hominy  feed, 

10.2 
12.4 

12.85 
11.10 

7.7 
10.0 

8.52 
10.47 

ia50 
19.00 

335 

Hominy  feed, 

10.5 

10.93 

7.9 

7.05 

18.00 

365 
356 
299 

Hominy  feed, 

*  Hominy  feed, 

*  Hominy  feed. 

10.9 
10.8 
10.7 

11.46 

10.0 
9.7 
7.9 

9.30 

17.00 
18.50 
20.00 

309 

Hominy  feed, 

11.1 

11.14 

0.6 

9.02 

18.00 

321 

Hominy  feed. 

13.4 

11.14 

9.3 

9.02 

18.00 

305 

Hominy  feed. 

11.1 

11.02 

9.1 

7.70 

18.75 

236 

Sugar  com  feed. 

14.6 

14.0 

4.7 

2.5 

11.1 

18.00 

250 

Fancy  com  bran, 

12.4 

14.0 

4.3 

2.5 

11.6 

18.00 

253 

Fancy  corn  bran. 

11.1 

14.0 

4.3 

2.5 

10.7 

17.00 

280 

Sugar  corn  feed. 

13.3 

14.0 

4.6 

2.5 

334 

Sugar  com   feed. 

14.0 

14.0 

3.9 

2.5 

18.00 

358 
282 

Fancy  corn  bran, 
4Sugar  com  feed. 

12.8 
11.9 

14.0 

5.0 
6.6 

2.5 

17.50 
?.7.00 

371 
837 

Ground  feed, 
Boyal  oat  feed. 

9.1 
6.3 

8.75 
8.25 

3.2 
2.7 

3.00 
4.14 

6.7 
25.4 

19.60 
16.00 

221 
233 

Victor  corn  and  oat  feed, 
Victor  corn  and  oat  feed. 

8.3 

8.8 

a23 
8.23 

3.6 
3.1 

3.00 
3.00 

9.3 
11.4 

18.00 
17.00 

257     Victor  com  and  oat  feed. 


9.6      a23      4.7      3.00      7.6    19.00 
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317 
8  27 

8    8 

8  20 
8   3 

8    4 

8  30 
8  26 
8   6 


8   9 

6  7 
8  1 
B  5 
8  25 


Name  and  address  ef  nuninfaotarer  or  Jobber. 


294  American  Cereal  Co.,  Chicago,  111., 

307  American  Cereal  Co.,  Chicago,  111,, 

862  American  Cereal  Co.,  Chicago,  111., 

270  American  Cereal  Co.,  Chicago,  111., 
281  American  Cereal  Co.,  Chicago.  111., 

246  Billings,  Paul,  &  Co.,Tunkhannoclj,  Pa., 

261  Cereallne  Mfg.  Co.,  Indianapolis,  Ind., 

350  Cereallne  Mfg.  Co.,  Indianapolis,  Ind., 

372  Cereallne  Mfg.  Co.,  Indianapolis,  Ind., 

348  Chester  Mills.  New  York, 

272  Dayton  Milling  Co.,  Towanda,  Pa., 

8  28  Dayton  Milling  Co.,  Towanda,  Pa., 

220  Diamond  Mills,  Buffalo, 

266  Diamond  Mills,  Buffalo, 

271  Diamond  Mills,  Buffalo, 
812  Diamond  Mills,  Buffalo, 

269  Hayt,  S.  T.,  Coming, 

291  Heath,  H.  R.,  &  Sons,  Fort  Dodge,  la., 

803  Heath,  H.  R.,  &  Sons,  Fort  Dodge,  la., 

364  Heath,  H.  R.,  &  Sons,  Fort  Dodge.  la., 

265  Husted  Milling  &  Elevator  Co.,  Buffalo, 

314  Keery,   Thomas  (Oadosia  Mills),   Han- 
cock, 

268  Kentucky  Milling  Co.,  Henderson,  Ky., 

851  Kentucky  Milling  Co.,  Henderson,  Ky., 


tablb  nr. 


Btompledaft 

Blnghamton,    BInghamton 

Produce  Co., 
Blnghamton,  Geo.  Q.  Mood 

&  Co., 
Oswego,  Geo.  H.  Hunt, 
Corning,  S.  T.  Hayt, 
Waverly,  D.  V.  Personlus 

&  Son, 
,  Homer,    Paul    Billings    & 

Co., 
Whitney's    Point,     A.     F. 

Sanders, 
Oxford,  French  &  Mead. 
Go$^hen,   H.   B.   Knight  & 

Co.. 
Oxford,  Byron  Gray, 
Waverly,  John  C.  Shear, 
Waverly,  John  C.  Shear, 
Auburn,  W.  L.  Noyes, 
Elm  Ira,  John  Livens, 
Coming,  C.  F.  Brown, 
Hancock,  E.  E.  Hackett  & 

Co.. 

Blnghamton,   A.   J.   Smith 

&  Son. 
Blnghamton, Empire  Grain 

&  Elevator  Co., 
Phoenix,  A.  C.  Parker, 

Elmira,  F.  S.  Knapp, 


Eliniia,  H.  F.  Rohmer. 

Oxford,  French  &  Mead, 
290    Muscatine  Oat  Meal  Co.,  Muscatine,  la.,  Owego,  Gilbert  Truman  & 

Son« 
342    Oneonta  Milling  Co.,  Oneonta,  ■ 

344    Oneonta  Milling  Co.,  Oneonta,  ■ 

279    Personius,  D.  V.,  &  Sons,  Waverly,         • 


811    Rathbun-Sawyer  Co.,  Oneida, 


Hancock,  B.  B.  Hackett  & 

Co., 
Walton,  Smith  &  St.  John, 
Oswego,  Geo.  H.  Hunt. 


Rathbun-Sawyer  Co.,  Oneida, 

American  Cereal  Co.,  Chicago,  111., 

Atlas  MiUs,  Phoenix, 

Barnum,  S.  D.,  Waverly,  ■ 

Cadosia  Mills,  Hancock.  * 

Cedar  Falls  Milling  Co.,  Cedar  Falls,  la.,  Oswego,  James  Dunlap, 

Darby,  W.  H.,  Homer,  • 

Deposit  Milling  Co.,  Deposit,  ■ 

Eaton,  R.  D.,  Norwich.  • 

Fembaugh  Mills,  Dresden,  Geneva,  L.  O.  Davison, 

French  &  Mead,  Oxford,  ■ 

Husted  Milling  &  Elevator  Co.,  Buffalo,  Norwich,  H.  O.  Hal6^ 

Pierce  &  Pendergast.  Phoenix,  ■ 

Barnum,  S.  D.,  Waverly,  • 
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I  of  Used. 


294  Victor  com  and  oat  feed» 

807  Victor  cam  and  oat  feed, 

362  Victor  corn  and  oat  feed, 

270  Vim  oat  feed, 
281  Vim  oat  feed, 

246  lOat  feed, 

261  Gereailne  feed,  Na  2, 

850  Gerealine  feed,  No.  2, 

872  Cerealine  germ  oil  cake, 

848  iChester  stock  food, 

272  iChop,  No.  2, 

828  Chop,  No.  2, 

220  Diamond  C.  and  O.  feed, 

266  Diamond  C.  and  O.  feed, 

271  Diamond  C.  and  O.  feed, 
312  Diamond  G.  and  O.  feed, 

269  Corn  and  oats, 

291  Yankee  corn  and  oat  feed, 

303  Yankee  corn  and  oat  feed, 

364  l^nkee  corn  and  oat  feed, 

265  Monarch  chop  feed, 

314  Crescent  corn  and  oat  feed, 


Protein. 


Fat 

«^ — sCrado     Prlo« 

Qoaran-  fiber       por 


Q-uaraa-  _ 

Found,     teed  Found,  teed,  found,     ton. 

Pm-eL  FtTct.  Peret  Per  et,  p0r€t. 

9.1      8.23      4.2  8.00  7.8  $19.00 

7.8      &23      3.1  3.00  11.8 

9.0      8.23      5.5  3.00  9.4    18.00 

7.4      6.30      3.0  2.58  22.7     15.00 

4.6      6.30      1.7  2.58  28.9 


1.7 

1.4 

30.7 

16.00 

11.4 

10.82 

7.8 

8.03 

2.2 

19.00 

11.4 

10.82 

7.8 

8.03 

2.1 

18.00 

17.4 

15.63 

12.6 

8.00 

24.00 

a9 

11.5 

2.7 

4.2 

11.5 

19.00 

9.4 

4.0 

4.4 

18.00 

9.6 

4.3 

5.1 

21.00 

6.6 

9.44 

3.2 

4.78 

15.2 

18.00 

6.8 

9.44 

3.4 

4.78 

12.1 

18.00 

6.8 

9.44 

2.8 

4.78 

13.5 

18.00 

7.9 

9.44 

3.7 

4.78 

12.5 

18.00 

9.6    10.43      4.2      4.00      8.5    l&OO 
6.3      8.96      2.3      4.83    18.7 


6.8 

8.96 

2.4 

4.33 

17.3 

16.50 

7.5 

8.96 

3.2 

4.38 

15.1 

18.00 

7.9 

10.40 

3.4 

3.27 

&3 

19.00 

a5 

8.34 

3.9 

2.60 

11.8 

18.50 

851 


Jersey  mixed  feed, 
Jersey  mixed  feed. 


13.4    11.56      3.8 
11.8    11.56      3.9 


3.65  13.4    20.00 

8.66  18.2    20.00 


290    Friends  concentrated  dairy  feed,  7.7    10.9        8.2      8.7      28.5    15.50 


842  Arrow  corn  and  oat  feed, 

844  Com  and  oat  provender, 

279  dom  and  oat  feed, 

811  Oneida  chop  feed, 

317  sOneidA  buckwheat  feed, 

8  27  Ground  oats  (calf  meal) 

8   8  Com  and  oats, 

s  29  Corn  and  oats, 

s   3  Corn  and  oats, 

s   4  Corn  and  oats, 

8  30  Com  and  oats, 

fi  26  Com  and  oats, 

8   6  Com  and  oats, 

•  9  Com  and  oats, 

•  7  Com  and  oats, 
■   1  Corn  and  oats, 

•  5  Com  and  oats, 

•  25  Buckwheat,  com  and  oats. 


19.7 
16.9 
11.4 

9.5 

9.8 
11.6 
10.0 
11.1 
10.6 
11.2 
10.4 

9.9 
10.6 

9.4 


5.7 
8.6 
3.8 
1.4 
2.2 
5.0 
1.7 
1.6 
8.6 
4.5 
4.5 
3.1 
2.3 
1.5 


24.4 
2.0 
7.5 
8.8 
8.1 
6.4 
5.1 
5.9 
4.7 
6.1 
4.6 
4.1 
7.2 
5.4 


19.00 
1800 
20.00 

18.00 

14.00 
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Kame  and  «ddrOM  of  nuHiiifMtiirBr  or  JoUboiw 


8  32  Berger- Anderson  Oo.,  Milwaukee,  Wis., 

8  2  Oneonta  Milling  Co.,  Oneonta, 

227  American  Cereal  Co.,  Chicago,  111., 

278  American  Cereal  Co.,  Cliicago,  IlL, 

287  American  Cereal  Co.,  Chicago,  IlL, 

332  American  Cereal  Co.,  Chicago,  IlL, 

313  H.  O.  Co..  Buffalo, 

331  H.  O.  Co.,  Buffalo, 

295  Mapes,  O.  W.,  Middletown, 

275  Bowker  Fertilizer  Co.,  Boston,  Mass., 

374  Bowker  Fertilizer  Co.,  Boston,  Mass., 

375  Bowker  Fertilizer  Co.,  Boston,  Mass., 

224  Finn's,  H.,  Sons,  Syracuse, 

223  Finn's,  H.,  Sons,  Syracuse, 

285  Flour  City  Plant  Food  Co.,  Rochester, 

262  Harding,  Geo.  L..  Binghamton, 

296  Harding,  Geo.  L.,  Bhighamton, 

297  Harding,  Geo.  L.,  Binghamton, 

263  Preston  Fertilizer  Co.,  Brooklyn, 


Tabus  IV. 


SMBptodaft 

Cortland,  S.  N.  Holden  & 

Co.. 
Sidney,    Roseboom   &    In- 
graham, 
Cortland,  I.  V.  Johnson, 
Waverly,  John  C.  Shear, 
Owego,  Geo.  Nichols, 
Oneonta,  Morris  Bros., 
Hancock,  Wm.  A.  Hall, 
Oneonta,  Morris  Bros., 
Binghamton,    Binghamton 

Produce  Co.. 
Waverly,  John  C.  Shear, 
West     Winfleld,     H.     W. 

Berry. 
Sprout  Brook,   A.   B.   Os- 
trom. 

Auburn,  W.  L.  Noyes, 
Owego,  Geo.  Nichols, 

Whitney's    Pohit,    A.    F. 
Sanders^ 


Elmira,  D.  Beyier, 
229    Bomaine,  DeWitt»  Hackensack,  N.  J.^      Cortland,  L  V.  Johnaoii, 
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^Concluded. 

Col- 

Prot«ln. 

Fkt. 

Im%. 

Grade 

Priee 

tlon 

GaAran- 

Oaaraa- 

fliber 

KT. 

No. 

V9n»9tUA 

Vgniid. 

teed. 

Poand 

.     teed. 

foaod. 

PtrcU  Peru. 

FereL 

Fm-a, 

FerH. 

8  32 

Badger  bran^ 

14.8 

8.7 

T.7 

8    2 

Rye  feed. 

14.8 

4.0 

6.0 

227 

American  poultry  food. 

13.9 

13.65 

7.4 

3.96 

4.7  ?25.00 

278 

American  poultry  food. 

12.9 

13.65 

5.5 

8.96 

26.00 

287 

American  poultry  food, 

12.8 

13.65 

7.1 

8.96 

4.8 

25.00 

332 

American  poultry  food, 

14.5 

13.65 

6.3 

8.96 

4.8 

26.00 

313 

H.  O.  poultry  feed, 

17.4 

17.0 

5.7 

5.5 

4.9 

30.00 

331 

H.  O.  poultry  feed, 

17.2 

17.0 

5.7 

5.5 

5.3 

28.00 

2&5 

Mapes  balanced  ration  for  poul- 

try. 

12.9 

14.0 

4.1 

4.5 

8.7 

80.00 

275 

Bowker's  animal  meal. 

25.2 

30.0 

16.8 

5.0 

52.00 

374 

Bowker's  animal  meal. 

89.4 

30.0 

8.9 

5.0 

375 

Bowker's  animal  meal. 

88.9 

80.0 

21.8 

5.0 

224 

Oround  beef  cracklings. 

42.2 

50.68 

19.4 

20.66 

80.00 

223 

Ground  beef  cracklings. 

44.0 

50.68 

19.2 

20.66 

45.00 

285 

1  Excelsior  meat  meal  for  poul- 

try. 

35.1 

13.5 

45.00 

262 

Fresh  ground  beef  scraps, 

44.4 

42.0 

18.4 

38.0 

50.00 

296 

Fresh  ground  beef  scraps. 

40.3 

42.0 

30.9 

3ao 

45.00 

297 

Meat  meal  for  poultry. 

66.2 

49.0 

19.5 

19.0 

40.00 

263 

iChampion  meat  meal  for  poul- 

try, 

41.4 

40.0 

11.5 

8.0 

50.00 

220 

Boiled  beef  and  bone^ 

47.2 

45.0 

ia7 

15.0 

45.00 

« Kot  lleenied  in  this  Steto. 

•Sal 

lUeettol 
Uoeneed. 

ieenie  as  marked. 

tSampIe  taken  a(  mitt. 

«If] 
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COMMENTS. 

It  is  gratifying  to  note  that  the  unmixed,  or  what  may  perhaps 
properly  be  termed,  the  standard,  feeding  stuffs,  such  aa  cotton- 
seed and  linseed  oil  meals,  the  gluten  meals  and  feeds,  the 
brewer's  residues  and  hominy  feeds,  are  of  uniformly  good 
quality  and  are  practically  as  good  as  the  guarantees.  The  only 
important  instance  of  inferior  quality  in  these  classes  of  goods 
is  the  case  of  Mayflower  Linseed  Meal  manufactured  by  the 
Mayflower  Mills,  Fort  Wayne,  Ind.  It  is  believed  that  this 
brand  has  been  withdrawn  from  the  market.  It  is  clearly 
fraudulent  in  character,  as  the  protein  was  only  about  half  the 
proportion  represented  to  be  present. 

The  most  numerous  discrepancies  between  guarantees  and 
actual  composition  occur  with  the  mixed  goods  of  which  oat 
hull3  are  undoubtedly  a  component.  These  are  the  goods  which 
in  many  instances  bear  such  brand  names  as  "  chop  feed,"  "  corn 
and  oat  feed,"  "  mixed  feed,"  etc.,  which  lead  the  purchaser  to 
conclude  that  the  mixtures  are  made  up  of  corn  and  oats.  They 
have  the  appearance  of  being  corn  and  oats,  because  corn  meal 
or  hominy  feed  and  oat  hulls  are  present.  The  protein  guaran- 
teed is  usually  less  than  10  per  ct.,  often  less  than  9  per  ct.  and 
in  some  brands  less  than  8  per  ct.,  but  even  these  low  percent- 
ages are  not  always  maintained  because  of  an  evident  overdose 
of  the  worthless  oat  hulls. 

The  prominence  of  oat  hulls  in  some  of  these  mixtures  is  seen 
in  the  large  proportion  of  fibre  which  they  carry.  The  only 
grain  product  which  supplies  fibre  generously  is  oat  hulls,  and 
when  a  mixture  containing  a  considerable  proportion  of  corn 
meal  or  hominy  feed  shows  12  per  ct.  of  fiber  and  upwards,  it  is 
safe  to  conclude  that  oat  hulls  have  been  introduced.  The  same 
is  true  often  when  the  fiber  is  less  than  12  per  ct.  Attention 
is  invited  to  the  percentages  of  fiber  given  in  the  preceding 
tables. 

Many  genuine  mixtures  of  corn  and  oats  are  sold.  These  seem 
to  be  more  abundant,  that  is,  they  constitute  a  larger  propor- 
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tion  of  the  "  chop  feeds  *'  found  in  the  market,  than  was  the 
case  when  the  Station  first  began  to  collect  samples  of  this  class 
of  goods.  The  genuineness  of  these  mixtures  is  seen  in  part  in 
the  low  proportion  of  fiber  which  ranges  between  3  per  ct.  and 
7  per  ct.,  and  in  part  in  their  general  appearance.  The  presence 
of  ground  oat  hulls  is  made  evident  by  a  characteristic  mechan- 
ical condition  and  negatively  by  the  absence  of  the  crushed  oat 
grains.  It  would  not  be  diflQcult  for  farmers  to  so  educate  their 
eyes  as  to  easily  detect  inferior  oat  hull  mixtures. 

It  is  claimed,  probably  for  good  reason,  that  much  of  the  corn 
meal  sold  in  the  State  is  mixed  with  hominy  feed.  While  such 
a  mixture  is  little,  if  any,  inferior  in  feeding  value  to  pure  corn 
meal,  the  purchaser  generally  sustains  financial  injury,  because 
if  he  wishes  for  hominy  feed  he  can  usually  purchase  it  at  a  less 
price  than  that  paid  for  the  fraudulent  com  meal.  These  corn 
meal  and  hominy  mixtures  are  lighter  in  color  than  pure,  yellow 
corn  meal.  Proof  that  this  lighter  color  is  not  caused  by  grind- 
ing in  white  corn  is  difficult,  because  chemically  and  microsopi- 
cally  hominy  feed  is  very  similar  to  the  maize  grain  of  which  it 
was  once  a  part. 

It  is  fair  to  conclude,  also,  tbat  the  by-products  from  the  manu- 
facture of  starch  are  used  to  mix  with  corn  meal  whenever  they 
cost  less  than  the  latter.  This  fact  was  made  evident  at  a  pub- 
lic hearing  before  a  committee  of  the  New  York  legislature  at 
the  time  legislation  concerning  the  sale  of  feeding  stuffs  was 
pending.  Very  recently  a  jobber  in  feeding  stuffs  located  in  New 
York  has  issued  a  circular  to  millers  advising  them  how  they  can 
"  make  com  meal "  "  in  order  to  meet  competition  "  by  mixing 
com  bran  with  corn  meal  in  the  proportion  of  one  to  five. 

Without  discussing  here  the  question  of  the  relative  value  of 
corn  meal  and  the  mixture,  this  practice,  when  not  clearly  under- 
stood, is  a  dishonest  imposition  upon  the  consumer,  because  if 
he  wishes  for  com  bran  in  his  ration  he  can  buy  it  for  less  money 
than  he  can  corn  meal.  Moreover,  any  miller  who  fraudulently 
descends  to  such  unworthy  means  of  sustaining  his  trade  be- 
comes legally  liable  to  a  fine* 
25 


Digitized  by 


Google 


386  Report  op  Inspection  Work  op  thh 

One  of  the  most  frequent  violations  of  the  feeding  stuff  law  is 
the  failure  of  dealers  to  have  in  their  possession  the  proper 
statement  of  the  source  and  composition  of  licensed  goods 
stored  and  sold  in  bulk.  Licensed  brands  stored  and  sold  in  the 
manufacturer's  sacks  are  usually  properly  marked.  Because  a 
brand  is  licensed  the  dealer  handling  it  in  bulk  is  not  excused 
from  the  requirement  of  furnishing  to  the  consumer  the  state- 
ment required  by  law.  It  should  be  entirely  easy  to  secure  such 
a  statement  from  the  manufacturer  or  jobber  and  there  is  no 
good  reason  for  failing  in  this  particular. 

The  sale  of  the  offals  from  milling  wheat  has  also  required 
some  attention.  It  is  customary  with  many  mills  to  run  to- 
gether all  the  offals,  bran,  middling,  etc.,  and  sell  this  mixture 
under  the  term  "  mixed  feed.'' 

The  requirements  of  the  feeding  stuff  law  do  not  apply  to  bran 
and  middlings  from  wheat,  rye  and  buckwheat  token  sold  as  such 
and  it  has  been  necessary  to  rule  that  these  cannot  be  sold  in  a 
mixed  condition  under  the  simple  term  "  mixed  feed  "  without 
complying  with  the  provisions  of  the  law,  but  must  be  labeled, 
if  labeled  at  all,  as  pure  bran  and  middlings. 

For  the  information  of  dealers  who  desire  to  be  law-abiding 
and  avoid  the  responsibility  of  doing  business  illegally,  the  fol- 
lowing list  is  given  of  goods  either  not  licensed,  or  if  licensed, 
without  evidence  of  the  same  appearing  as  they  were  found  in 
the  hands  of  dealers. 

The  goods  in  this  list  should  be  avoided  until  they  are  placed 
on  the  market  legally. 
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Branus  to  bb  Avoided  Because  of  Not  Having  a  Legal  Staivding  iw 
THIS  State  ob  Blse  Sold  Without  Full  GoHPLiAifCE  with  the  Law. 

Knme.  Manafaclnrer  or  Jobber. 

♦  Gottonseed-meal,  Chattanooga  Cotton  Oil  Co.,  Chattanooga,  Tenn. 

♦  Cottonseed-meal,         Lily 

brand.  Empire  Grain  &  Elevator  Co.,  B  Ingham  ton,  N.  7* 

♦  Cottonseed-meal,     Sunny 

South  brand.  Independent  Cotton  Oil  Co.,  Memphis,  Tenn. 

t  Cottonseed-meal,  Oneonta  Milling  Co.,  Oneonta,  N.  Y. 

♦  Cottonseed-meal,  J.  G.  Fall  &  Co.,  Memphis,  Tenn. 

♦  Cottonseed-meal,  Boolser  &  Gentry,  Memphis,  Tenn. 

♦  Mayflower  linseed  meal,  Mayflower  Mills,  Fort  Wayne,  Ind. 

♦  Linseed  meal,  O.  P.,  Dayton  Milling  Co.,  Towanda,  Pa. 

t  Linseed  meal,  O.  P.,  Empire  Grain  &  Elevator  Co.,  Binghamton,N.T. 

♦  Linseed  meal,  O.  P.,  National  Linseed  Co.,  New  York,  N.  Y. 
t  Linseed  meal,  O.  P.,  Oneonta  Milling  Co.,  Oneonta,  N.  Y. 

t  Gluten  feed,  Oneonta  Milling  Co.,  Oneonta,  N.  Y. 

♦  Special  gluten,  Oneonta  Milling  Co.,  Oneonta,  N.  Y. 

♦  Daisy  gluten  feed,  Andrew  Cullen  Co.,  New  York,  N.  Y. 

♦  Popcorn  hominy,  Arthur  Jerome  Clapp  &  Co.,  New  York,  N.  T^ 

(     or  John  W.  Metzler,  Binghamton,  N.  Y. 

♦  Hominy  feed,  C.  M.  Cox  &  Co.,  Geneva,  N.  Y. 

t  Hominy  feed,  Empire  Grain  &  Elevator  Co.,  Binghamton,  N.T« 

t  Hominy  feed,  J.  H.  Rodebaugh,  Buffalo,  N.  Y. 

t  Hominy  feed,  Seymour  &  Co.,  Buffalo,  N.  Y. 

t  Sugar  com  feed,  D.  V.  Personlus  &  Son,  Waverly,  N.  Y, 

t  Oat  feed,  Paul  Billings.  New  York,  N.  Y. 

♦  Chester  stock  food,  Chester  Mills,  New  York,  N.  Y. 

♦  Chop  No.  2.  Dayton  Milling  Co.,  Towanda,  Pa. 

♦  Excelsior  meat  meal  for 

poultry.  Flower  City  Plant  Food  Co.,  Rochester,  N.  ¥• 

♦  Champion  meat  meal  for 

poultry,  Preston  Fertilizer  Co.,  Brooklyn,  N.  T, 

t  Rex  mixed  feed.  Fish  &  Co..  New  York,  N.  Y. 

i  Excelsior  mixed  feed.  Hunter  Bros..  St.  Louis,  Mo. 

t  Delaware  feed.  National  Milling  Co.,  Toledo,  O. 

*Notliceniiedln  1901. 

f  If  licensed,  no  er1deno«  shown  bv  dealer. 

t  Shoald  be  marked  properly.    Not  legally  told  under  brand  name  naed. 

SUGGESTIONS  TO  DEALERS. 

In  this  bulletin  may  be  found  a  list  of  brands  of  feeding  stuffs 
licensed  for  1901.  In  the  main  the  same  brands  will  probably 
be  licensed  for  1902,  doubtless  with  some  additions.  Tliese 
include  every  variety  of  commercial  cattle  foods  which  farmers 
and  stable  keepers  ever  need  to  purchase  outside  of  the  entire 
cereal  grains,  which  are  not  subject  to  the  provisions  of  the  law. 
The  manufacturers  or  jobbers  who  have  paid  license  fees  and 
filed  the  required  guarantees  have  made  it  possible  for 'dealers 
to  handle  their  goods  safely  and  with  certain  assurances  as  to 
character  and  quality,  and  therefore  they  are  the  ones  who  are 
entitled  to  patronage. 
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Dealers  should  require  that  when  goods  are  handled  in  pack- 
ages the  proper  marks  are  affixed: 

Name  and  address  of  manufacturer  or  jobber. 
Name  of  brand. 

Guaranteed  percentage  of  protein. 
Guaranteed  percentage  of  fat. 

If  the  goods  are  bought  in  bulk,  then  the  manufacturer  or 
jobber  should  be  asked  to  furnish  the  same  statement  for  dis- 
play to  customers.  This  is  a  simple  matter,  but  it  should  be 
attended  to  in  order  to  avoid  any  possible  chance  of  action  by 
the  State  and  as  a  matter  of  justice  to  consumers. 

SUGGESTIONS  TO  CONSUMERS. 

There  appears  to  be  a  growing  tendency  on  the  part  of  con- 
sumers to  purchase  proprietary  brands  of  feeding  stuffs  that  are 
mixtures  of  two  or  more  by-products.  Many  of  these  mixtures 
are  compounded  for  the  purpose  of  providing  a  medium  in  which 
inferior  waste  products  lose  their  identity  by  mixing  them  with 
materials  of  good  and  well  recognized  quality.  For  instance, 
an  "  oat  feed  "  may  contain  hominy  feed,  oat  hulls  and  some- 
times enough  of  some  material  rich  in  protein,  perhaps  gluten 
meal,  to  bring  the  protein  content  of  the  mixture  up  to  a  desir- 
able proportion.  Such  a  mixture  is  worth  commercially  what 
the  hominy  feed  and  gluten  meal  would  cost  and  no  more.  If 
20  per  ct.  of  oat  hulls  are  present  then  the  price  of  the  mixtures 
should  be  20  per  ct.  less  than  what  a  full  ton  of  the  hominy  feed 
and  gluten  meal  mixture  would  cost.  Oat  hull  mixtures  are 
not  an  imposition  on  the  consumer,  provided  they  are  sold  at  a 
price  proportional  to  the  standard  materials  which  the  mixtures 
contain,  otherwise  they  are  bought  at  a  loss.  As  a  matter  of 
fact,  these  mixtures  are  sold  at  about  the  prices  which  rule  for 
feeding  stuffs  of  standard  grade. 

A  glance  at  the  previous  tables  will  show  the  following  range 
of  prices: 
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Proprietary  mixed  goods f  17.50  to  f 24. 00  per  ton. 

Gluten  meal 24.00  to   25.00  " 

Gluten  feeds •. .  20.00to   22.00  " 

Hominy  feeds 17.50  to   19.50  " 

Sugar  corn  feed  (corn  bran  mostly) ... .  17.00  to   18.00  " 

Malt  sprouts 15.00 

Mixed  wheat  ofFals 20.00  or  less. 

These  figures  show  conclusively  that  the  proprietary  mixed 
goods  containing  20  per  ct.  and  upward  of  oat  hulls  are  bought 
at  a  loss  of  generally  not  less  than  t5  per  ton  and  doubtless 
often  more.  If  farmers  foolishly  think  that  it  is  desirable  to 
have  in  the  grain  mixture  some  fibrous  material  like  oat  hulls, 
let  them  hire  someone  to  grind  up  their  straw  stacks  or  the 
mows  of  poor  hay  and  mix  the  good  grain  with  these.  It  is 
pitiful  to  see  farmers  of  limited  means  paying  grain  prices  for 
an  ingredient  in  certain  commercial  cattle  foods  which  is  worth 
no  more  than  the  poorest  coarse  fodders  around  the  barn.  Such 
costly  business  management  seems  to  be  the  fruit  of  either  wil- 
ful ignorance  or  a  lazy  indifference. 

The  manufacturer  who  uses  oat  hulls  in  such  a  way  as  to 
deceive  his  customers  is  simply  dishonest. 

One  of  the  most  glaring  impositions  discovered  is  the  case  of 
sample  246,  representing  an  "  oat  feed  "  found  on  sale  at  Homer. 
The  oat  feed  (?)  contained  only  1.7  per  ct.  of  protein  and  over 
30  per  ct.  of  fibre.  It  was  nothing  but  oat  hulls.  The  selling 
price  was  fl5  per  ton!    Comment  is  unnecessary. 

The  wise  course  for  farmers  to  pursue  is  to  purchase  either 
standard  by-product  feeding  stuffs  or  the  entire  grains,  such  as 
corn  and  oats,  whole  or  ground.  At  f  1  per  hundred  for  corn 
meal  and  40  cents  per  bushel  for  oats,  a  mixture  of  equal  parts 
by  weight  of  these  two  grains  can  be  secured  at  no  greater  price 
than  what  is  asked  for  certain  oat  feeds.  If  hominy  feed  is 
used  in  place  of  the  corn  meal  the  cost  would  be  lessened. 
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so  CALLED  "RED  ALBUMEN"  A  FRAUD* 


W.  H.  JORDAN. 


Poultry-feedera  and  farmers  throughout  western  New  York  haye  been 
much  excited  during  the  past  few  weeks  by  the  exploiting  of  "  Red  Albu- 
men.'* Doubtless  many  of  them  have  been  victimized;  for  druggists  report 
demands  for  this  material  almost  unprecedented  even  In  the  sale  of  patent 
medicines,  and  so  far  as  evidence  collected  by  the  Station  goes  each  pur- 
chaser has  been  defrauded. 

There  are  at  least  two  preparations  sold  under  the  name  red  albumen, 
probably  more;  for  the  druggists  In  many  places  were  evidently  not  sup- 
plied with  the  original  material,  but  realized  that  the  farmers  were  deter- 
mined to  be  "  gold-bricked  **  anyway  and  so  met  the  demand  by  substitut- 
ing compounds  from  their  own  stock.  One  of  the  preparations,  that  reach- 
ing the  Station  under  the  label  of  the  United  States  Salyx  Co.,  New 
Concord,  Ohio,  has  practically  no  feeding  value  as  It  contains  only  t^  of 
1  per  ct  of  protein  (albumen),  the  remainder  being  almost  wholly  oxide 
of  iron  (red  paint)  and  sand.  No  phosphorus  was  found,  nor  was  there 
any  evidence  of  strychnine  or  the  newly  discovered  (?)  "  alequet"  Unless 
fraud  has  been  worked  upon  the  Salyx  Co.,  this  is  <the  original  **ved 
albumen." 

If  so,.  Instead  of  being  worth  50  or  60  cents  a  pound.  It  Is  worth  only 
from  1  to  2  cents  a  pound  as  "  Mineral  Red  "  or  "  Ground  Iron  Ore  "  used 
for  paint. 

Druggists,  or  others  who  have  substituted  some  other  product  for  the 
orijciual  "  red  albumen,"  have  been  less  conscienceless  toward  the  farmers; 
for  they  have  sold  them  an  albuminous  compound,  probably  a  by-product 
which  contains  11  or  12  per  ct.  of  nitrogen  or  about  72  per  ct  protein. 
This  sells  for  varying  prices,  depending  upon  the  druggist's  mood;  but 
usually  at  the  price  fixed  for  the  original  article,  50  or  60  cents  a  pound. 
Animal  meal,  which  supplies  the  best  of  albuminoid  matter  for  poultry, 
contnins  more  than  half  as  much  protein  and  sells  at  from  8  to  5  cents 
a  pound. 


♦  Reprint  of  a  circular. 
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REPORT    OF   ANALYSES  OF  COMMERCIAL 

FERTILIZERS  FOR  THE  SPRING  AND 

FALL  OF  1901  * 


L.  L.  VAN  StiYKB  AND   W.  H.  ANDREWS. 


SUMMARY. 

(1)  Samples  collected.  During  the  year  1901,  the  Station  col- 
lected 963  samples  of  commercial  fertilizers,  representing  4G5 
different  brands.  Of  these  different  brands  334  were  complete 
fertilizers ;  of  the  others,  49  contained  phosphoric  acid  and  pot- 
ash without  nitrogen;  21  contained  nitrogen  and  phosphoric 
acid  without  potash;  15  contained  nitrogen  only;  35  contained 
phosphoric  acid  alone;  and  11  contained  potash  salts  only. 

(2)  Nitrogen.  The  334  brands  of  complete  fertilizers  con- 
tained nitrogen  varying  in  amount  from  0.36  to  8.10  per  ct.,  and 
averaging  2.01  per  ct.  The  average  amount  of  nitrogen  found 
by  the  Station  analysis  exceeded  the  average  guaranteed  amount 
by  0.12  per  ct.,  the  guaranteed  average  being  1.89  per  ct.,  and 
the  average  found  being  2.01  per  ct. 

In  250  brands  of  complete  fertilizers,  the  amount  of  nitrogen 
found  was  equal  to  or  above  the  guaranteed  amount,  the  excess 
varying  from  0.01  to  1.33  per  ct.,  and  averaging  0.22  per  ct. 

In  84  brands  the  nitrogen  was  below  the  guaranteed  amount, 
the  deficiency  varying  from  0.01  to  1.09  per  ct.,  and  averaging 
0.18  per  ct.    In  78  cases,  the  deficiency  was  less  than  0.5  per  ct. 

The  amount  of  water-soluble  nitrogen  varied  from  0  to  6.40 
per  ct.  and  averaged  0.87  per  ct. 

♦A  reprint  of  Bulletin  No.  201. 
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(3)  Available  phosphoric  acid.  The  334  brands  of  complete 
fertilizers  contained  available  phosphoric  acid  varying  in 
amount  from  1.01  to  13.46  per  ct.  and  averaging  8.80  per  ct. 
The  average  amount  of  available  phosphoric  acid  found  by  the 
Station  analysis  exceeded  the  average  guaranteed  amount  by 
1.13  per  ct,  the  guaranteed  average  being  7.67  per  ct.  and  the 
average  found  being  8.80  per  ct. 

In  304  brands  of  complete  fertilizers,  the  amount  of  available 
phosphoric  acid  found  was  equal  to  or  above  the  amount  guar- 
anteed, the  excess  varying  from  0,01  to  4.81  per  ct.  and  averaging 
1.26  per  ct. 

In  30  brands,  the  available  phosphoric  acid  was  below  the 
guaranteed  amount,  the  deficiency  varying  from  0.01  to  7.72  per 
ct.  and  averaging  0.74  per  ct.  In  24  cases  the  deficiency  was 
below  0.5  per  ct. 

The  amount  of  water-soluble  phosphoric  acid  varied  from  0  to 
10.77  per  ct.  and  averaged  5.04  per  ct. 

(4)  Potash.  The  complete  fertilizers  contained  potash  vary- 
ing in  amount  from  0.26  to  11.59  per  ct.,  and  averaging  4.47  pep 
ct.  The  average  amount  of  potash  found  by  the  Station  analysis 
exceeded  the  average  guaranteed  amount  by  0.34  per  ct.,  the 
guaranteed  average  being  4.13  per  ct.,  and  the  average  found 
being  4.47  per  ct. 

In  259  brands  of  complete  fertilizers,  the  amount  of  potash 
found  was  equal  to  or  above  the  guaranteed  amount,  the  excess 
varying  from  0.01  to  4.75  per  ct.  and  averaging  0.55  per  ct. 

In  75  brands,  the  potash  was  below  the  guaranteed  amount, 
the  deficiency  varying  from  0.01  to  4,71  per  ct.  and  averaging 
0.40  per  ct.  In  59  of  these  cases,  the  deficiency  was  less  than 
0.5  per  ct. 

In  70  cases  among  the  334  brands  of  complete  fertilizers  the 
potash  was  contained  in  the  form  of  sulphate  free  from  an  excess 
of  chlorides. 

(5)  The  retail  selling  price  of  the  complete  fertilizers  varied 
from  |14  to  |43  a  ton  and  averaged  |25.71.  The  retail  cost  of 
the  separate  ingredients  unmixed  averaged  |19.81,  or  |5.90  less 
than  the  selling  price. 
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INTRODUCTION. 

NUMBER  AND  KINDS  OF  FERTILIZERS  COLLECTED. 

During  the  year  1901,  the  Station's  collecting  agents  visited 
179  towns  between  April  5  and  October  16,  obtaining  963 
samples  of  commercial  fertilizers.  These  samples  represent  465 
different  brands,  the  product  of  60  different  manufacturers,  each 
manufacturer  being  represented  by  from  one  to  202  brands. 

The  subjoined  tabulated  statement  indicates  the  different 
classes  included  in  the  collection. 

Classes  of  Febtilizsbs  Collected. 

BrandA  ooo-       Braadt  MB* 

Brands  oon-  taioioK  nltro-  Ulnitrf?  pboe- 

Brands  eon-      talnlog  only      Brands  oon-      gen  and  pbos«  phoric  acid  and      Brands  of 
taJningoaly        phosphoric       talningonly        phorioaoid       potaiih  with-        oomplote 

nitxogea.  aad.  potash.       wluoutpotaah.  oatnitrogon.        fertillaora. 

15  85  11  31  49  834 

COMPOSITION  OF  FBRTILIZmBiS  OOLLEOTBD. 

The  following  tabulated  statement  shows  the  average  com- 
position of  the  complete  fertilizers  collected  during  the  year, 
together  with  a  comparison  of  the  guaranteed  composition  and 
that  found  by  analysis. 

Ayxraos  Cokposition  of  Complete  Fsbtilizebs  Collected. 

ATerago 
por  St. 
foand 
Per  et.  gnaranteod.  Por  ot.  foand.  above 

/  *  '  -~s   ,  ■■    *  gaaran- 

Lowest.  Highest.  Average.  Lowest.  Highest.  Average,     tee. 

Nitrogen  0.39  8.78  1.89  0.36  8.10  2.01  0.12 

Available      phosphoric 

acid   0.62  12.00  7.67  1.01  13.46  8.80  1.13 

Insoluble      phosphoric 

acid   0.00  6.10  2.32      

Pota»h 0.75  12.00  4.13  0.26  11.59  4.47  0.34 

Water-soluble  nitrogen  0.00  6.40  0.87      

Water-soluble  phos- 
phoric acid 0.00  10.77  5.04      

TRADB}-yALUBS   OF   PLANT-FOOD    ELEMENIS   IN    RAW    MATSRIALS   AND 

CHEMICALS. 

The  trade-values  in  the  following  schedule  have  been  agreed 
upon  by  the  Experiment  Stations  of  Massachusetts,  Rhode 
Island,  Connecticut,  New  York,  New  Jersey  and  Vermont,  as  a 
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resnlt  of  stndy  of  the  prices  actually  prevailing  in  the  large 
markets  of  these  states. 

These  trade-values  represent,  as  nearly  as  can  be  estimated, 
the  average  prices  at  which,  during  the  six  months  preceding 
March,  the  respective  ingredients,  in  the  farm  of  unmio'ed  raw 
materials,  could  be  bought  at  retail  for  cash  in  our  large 
markets.  These  prices  also  correspond  (except  in  case  of  avail- 
able phosphoric  acid)  to  the  average  wholesale  prices  for  the 
six  months  preceding  March,  plus  about  20  per  ct.  in  case*  of 
goods  for  which  there  are  wholesale  quotations. 

Trade- Values  of  Plant-Food  Elements  in  Raw  Materials  and 

Chemicals. 

1901. 

Cia.  p^r 

pound. 

Nitrogen  in  ammonia  salts 16V^ 

Nitrogen  in  nitrates 14 

Organic  nitrogen  in  dry  and  fine-ground  fisli,  meat  and  blood,  and 

mixed  fertilizers 16 

Organic  nitrogen  in  fine-ground  bone  and  tanlcage 16 

Organic  nitrogen  in  coarse  bone  and  tankage 12 

Phosphoric  acid,  water-soluble 5 

Phosphoric  acid,  citrate-soluble   4^^ 

Phosphoric  acid  in  fine-ground  fish,  bone  and  tankage 4 

Phosphoric  acid  in  coarse  lish.  bone  and  tankage 3 

Phosphoric  acid  in  mixed  fertilizers,  insoluble  in  ammonium  cit- 
rate and  water 2 

Potash  as  high-grade  sulphate,  in  forms  free  from  muriates  (chlo- 
rides), in  ashes,  etc 5 

Potash  in  muriate i 4^ 


COMPARISON  OF  SELLING  PRICE  AND  COMMERCIAL  VALUATION. 

Giving  to  the  different  constituents  the  values  assigned  in  the 
schedule  for  mixed  fertilisers,  16  cents  a  pound  for  nitrogen,  5 
cents  a  pound  for  water-soluble  phosphoric  acid  4^  cents  a 
pound  for  citrate-soluble  phosphoric  acid,  2  cents  a  pound  for 
insoluble  phosphoric  acid,  and  4^  cents  a  pound  for  potash,  we 
can  calculate  the  commercial  valuation,  or  the  price  at  which 
the  separate  unmixed  materials  contained  in  one  ton  of  fertil- 
izer, having  the  composition  indicated  in  the  preceding  table, 
could  be  purchased  for  cash  at  retail  at  the  seaboard.*  Knowing 
the  retail  prices  at  which  these  goods  were  offered  for  sale,  we 
can  also  readily  estimate  the  difference  between  the  actual  sell- 
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ing  price  of  the  mixed  goods  and  the  retail  cash  cost  of  the  un- 
mixed materials;  the  difference  covers  the  cost  of  mixing, 
freight,  profits,  etc.  We  present  these  data  in  the  following 
table: 

Commercial  Valuation  and  Selling  Price  of  Complete  Fertilizers. 

Average  io- 
ereMMeil  r«M»t  «»f 
Commercla]  valuation  of  Selling  price  of  one  ton  mixed  inHtei  imIs 

eompleie  fertilisers.  of  roiuplete  leitiliserH.  u\er  uiiiiiixe<l 

/— ^  .t  BiateriaN  for  one 

Average.  Lowent.       Hiehest-.      Aveiaee.  tmi 

$19.81  $14  $^        $25.71  $5.90 

COST  OF  ONE  POUND  OP  PLANT-FOOD  IN   FERTILIZERS  AS  PURCHASED 

BY  CONSUMERS. 

In  the  table  below  we  present  figures  showing  the  average 
cost  to  the  purchaser  of  one  pound  of  plant-food  in  different 
forms  in  mixed  fertilizers. 

Average  Cost  of  One  Pound  of  Plant-food  to  Consuhebs  nr  Mixed 

Fertilizers. 

Nitrogen 20.8  cents. 

Phosphoric  acid  (available) 6.2  cents. 

Potash 5.0  cents. 

NEW  FERTILIZER  LAW. 

The  State  legislature  amended  the  fertilizer  law  in  1899  a,nd 
attention  is  called  to  the  principal  changes  that  affect  manu* 
facturers  and  dealers. 

(1)  All  fertilizers  selling  for  five  dollars  or  more  per  ton  come 
under  the  law. 

(2)  Every  manufacturer,  importer,  dealer  or  agent  must  pay 
a  license  fee  amounting  to  ticenty  dollars  a  year  for  each  sepa* 
rate  brand  or  kind  of  fertilizer  or  fertilizing  material. 

(3)  Statements  of  guarantee  analysis,  etc.,  are  to  be  filed  and 
license  fees  paid  during  Deccinher  each  year  covering  the  goods 
to  be  sold  during  the  year  following. 

(The  analyses  of  samples  collected,  as  given  in  the  Bulletin, 
are  not  reprinted  here;  as  they  cease  to  have  value  before  the 
report  is  distributed. — ^Director). 
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REPOET  OF  ANALYSES  OF  PARIS  GREEN  AND 
OTHER  INSECTICIDES  IN  1901  *t 


L.  I*.  VAN  SLYKS  AND  W.  H.  ANDREWS. 


SUMMARY, 

In  accordance  with  the  provisions  of  a  law  designed  to  pro- 
tect purchasers  of  Paris  Green,  samples  were  secured  during 
1901  and  the  results  are  published  in  this  Bulletin. 

In  the  40  samples  of  Paris  Green  examined,  the  arsenious 
oxide  varied  from  56.13  to  62.87  per  ct.  and  averaged  58.10  per 
ct.  The  water-soluble  arsenious  oxide  varied  from  0.88  to  2.64 
per  ct.  and  averaged  1.28  per  ct. 

The  copper  oxide  varied  from  26.53  to  31.14  per  ct.  and 
averaged  29.88  per  ct.  The  amount  of  arsenious  oxide  in  com- 
bination with  copper  varied  from  49.70  to  57.72  per  ct.  and 
averaged  55.98  per  ct.  The  general  result  of  the  examination  is 
td  show  a  good  quality  of  Paris  Green  in  the  market  at  the 
time  the  samples  were  taken. 

There  are  given,  in  addition,  analyses  of  English  Bug  Com- 
pound, Laurel  Green,  London  Pyrple,  and  Paris-Green-Bordeaux- 
Mixture. 

INTRODUCTION. 

During  the  year  1901,  there  were  collected  for  analysis  forty 
samples  of  materials  sold  as  Paris  Green,  and  also  two  samples 
of  Laurel  Green  and  one  sample  each  of  English  Bug  Compound, 
London  Prft-ple,  Paragrene  and  Paris-Green-Bordeaux  Mixture. 
The  forty  samples  of  Paris  green  represent  twenty  different 
manufacturers,  eight  of  whom  were  not  represented  in  the 
samples  examined  by  us  in  1900. 

*Printed  by  the  authority  and  under  tilie  dhrectian  of  the  Oommissloner 
of  Agriculture. 

tA  reprint  of  Bulletin  No.  204. 
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For  a  discuBBion  of  the  chemistry  of  Paris  green  and  for  a 
statement  of  the  methods  of  chemical  analysis  used,  see  Bulletin 
No.  190,  p.  284. 
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61 
853 

57 
847 

59 
801 
302 

60 
803 
305 
862 

65 

63 
857 
855 

66 
310 
340 

68 
304 
307 
361 

56 
342 
343 
345 

68 
356 
358 

62 
350 
364 

54 
806 
311 
308 
360 
341 

67 
351 


359 

55 

309 

64 

848 
344 


Analyses  ow  BAifPLES  ov  Pabis  Gbxen  in  190L 


IfaDQiaetaror. 


Arten- 


Acme  Ck>lor  Works, 

Acme  CJolor  Works, 

Adler  Color  &  Chemical  Co., 

Adler  Color  &  Chemical  Co* 

A.  B.  Ansbacher  &  Co., 

A.  B.  Ansbacher  &  Co., 

A«  B.  Ansbacher  &  Co., 

James  A.  Blanchard, 

James  A.  Blanchard, 

James  A.  Blanchard, 

George  C.  Buell  &  Co., 

Cawley,  Clark  &  Co., 

Charles  M.  Childs  &  Co., 

Charles  M.  Childs  &  Co., 

Hampden  Paint  Co., 

Morris  Herrmann  &  Co., 

Morris  Herrmann  &  Co., 

Morris  Herrmann  ft  Co., 

Pred  L.  Lavanburg, 

Fred  L.  Lavanburg, 

Fred  L.  Lavanburg, 

George  E.  Laverack, 

Leggett  &  Bros., 

Leggett  &  Bros., 

Leggett  &  Bros., 

Leggett  &  Bros., 

N.  Y.  Enamel  Paint  Co., 

N.  T.  Enamel  Paint  Co., 

N.  Y.  Enamel  Paint  Co., 

I.  Pfeiffer, 

I.  Pfelffer, 

I.  Pfelffer, 

C.  T.  Reynolds  &  Co., 

Reynolds  (Devoe,  Reynolds  ft  Go.), 

Solomon  ft  Schwartz, 

Sondhelm,  Alsburg  ft  Co., 

Stanley,  Jordan  ft  Co., 

John  L.  Thompson  Sons, 

Unknown, 

Unknown, 


English  Bug  Compound,  English  Com- 
pound Co., 
Laurel  Green,  Nichols  Chemical  Co., 
Laurel  Green,  Nichols  Chemical  Co., 
London  Purple,  Hemingway's  London 

Purple  Co., 
Paragrene,  Fred  L.  Lavanburg, 
Paris-Green-Bordeaux-Mixture,       Leg- 
gett Bros., 


Water 

ozido 

Total 

solnblo 

inoom- 

•nfii- 

anon- 

binatlon 

ions 
oxide. 

ions 
oztdo. 

^ssr 

with 
ooppor. 

Peret. 

Perct. 

Per  a. 

Pm-ct. 

57.11 

1.47 

80.04 

56.27 

57.66 

1.47 

30.04 

66.27 

57.»7 

0.88 

30.29 

66.74 

56.9a 

2.64 

30.10 

66.38 

57.11 

0.88 

30.23 

56.63 

57.84 

1.47 

30.48 

57.10 

66.93 

1.10 

30.35 

56.85 

57.42 

1.63 

28.64 

53.46 

57.11 

1.53 

29.22 

64.73 

57.35 

1.53 

29.66 

66.66 

57.72 

1.66 

29.41 

65.09 

57.42 

1.36 

31.23 

67.42 

57.85 

1.23 

30.08 

56.36 

58.76 

0.98 

30.41 

56.97 

58.82 

1.10 

30.16 

66.60 

61.40 

1.78 

27.47 

61.46 

62.87 

2.21 

26.78 

50.17 

62.69 

1.58 

26.63 

40.70 

57.91 

0.98 

30.16 

66.50 

57.91 

0.98 

30.48 

57.10 

58.82 

1.16 

29.91 

56.03 

58.03 

1.23 

29.86 

55.91 

57.11 

0.96 

30.01 

56.21 

56.13 

1.23 

29.64 

66.34 

57.42 

1.28 

30.50 

67.13 

57.42 

0.96 

30.41 

66.97 

57.11 

1.47 

30.04 

66.27 

58.09 

1.72 

80.23 

66.63 

66.46 

0.96 

30.85 

66.86 

57.35 

1.10 

30.04 

56.27 

57.72 

0.88 

80.73 

67.57 

58.09 

1.36 

30.29 

66.74 

60.72 

1.40 

28.35 

53.11 

57.29 

1.10 

30.54 

67.21 

57.60 

0.88 

30.85 

67.60 

57.84 

0.88 

80.48 

67.10 

58.58 

1.40 

29.60 

66.45 

57.60 

0.68 

30.29 

56.74 

57.72 

0.98 

81.14 

67.72 

58.09 

0.98 

80.16 

66.50 

;  iNBEcnciDXS. 

1.46 

0.60 

4.86 

0 

12.68 

5.46 

0 

12.06 

32.32 

12.21 

41.73 

0.88 

21.66 

16.49      1.72    16.02 
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DISCUSSION  OF  RESULTS  OF  CHEMICAL  ANALYSIS. 

1.  Total  arscnious  oxide. — In  the  40  samples  of  materials  sold 
as  Paris  green,  examined  by  us,  the  amount  or  arsenic  equiva- 
lent to  arseuious  oxide,  varies  from  56.13  to  62.87  per  ct.,  and 
averaged  58.10  per  ct.  This  average  is  over  one  per  ct.  higher 
than  that  found  last  year,  and  is  about  one-half  per  ct.  below 
the  equivalent  of  arsenious  oxide  contained  in  pure  copper  aceto- 
arsenite.  So  far  as  the  total  arsenic  content  is  concerned,  the 
amount  found  indicates  a  high  quality  of  Paris  green.  The 
variation  is  about  the  same  as  last  year  and,  excepting  four 
samples,  is  within  surprisingly  narrow  limits.  Where  the  total 
amount  of  arsenic  present  in  Paris  green  the  only  point  to  be 
considered,  the  quality  would  be  regarded  as  very  satisfactory, 
but  we  must  consider  at  the  same  time  the  amount  of  water- 
soluble  compounds  of  arsenic  present  in  Paris  green. 

2.  Water-soluble  compounds  of  arsenic. — The  presence  of  water- 
soluble  arsenic  in  Paris  green  is  seriously  objectionable  owing 
to  the  fact  that  soluble  arsenic  compounds  injure  foliage. 
Hilgard,  of  California,  states  that  in  the  dry  climate  of  Cali- 
fornia, Paris  green  injures  foliage  when  it  contains  an  equiva- 
l(*nt  of  more  than  four  per  ct.  of  arsenious  oxide  in  the  form 
of  soluble  arsenic  compounds.  The  water-soluble  arsenic  most 
commonly  occurring  in  Paris  green  is  in  the  form  of  arsenious 
oxide,  commercally  .known  as  common  white  arsenic. 

The  method  of  analysis  used  by  us  in  determining  the  amount 
of  water-soluble  arsenic  compounds  in  Paris  green  should  show 
the  full  amount  of  such  compounds  that  would  be  found  in 
actual  field  work  where  Paris  green  is  mixed  with  water  at  the 
rate  of  one  part  by  weight  of  Paris  green  to  1000  parts  of  water 
and  the  mixture  used  soon  after  preparation.  By  longer  extrac- 
tion with  water,  larger  quantities  of  soluble  arsenic  compounds 
can  be  obtained;  but  for  our  purpose,  it  is  desirable  to  approxi- 
mate the  amount  likely  to  be  found  in  actual  field  practice 
in  the  use  of  Paris  green  under  the  conditions  commonly  em- 
ployed.   It  would,  in  our  judgment,  be  proper  to  condemn  for 
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use  as  an  insecticide  Paris  green  or  other  similar  materials  that 
yield  more  than  3^  per  ct.  of  water-soluble  arsenic  compounds 
expressed  as  arsenious  oxide,  when  treated  for  24  hours  with 
distilled  water  at  the  rate  of  1000  parts  of  water  for  one  part  of 
Paris  green  or  arsenic-containing  materials. 

The  water-soluble  arsenious  oxide  varies  in  the  40  samples 
of  Paris  green  examined  from  0.88  to  2.64  per  ct.,  and  averages 
1.28,  which  is  far  below  the  limit  of  harm  prescribed  for  use  as 
an  insecticide  and  the  limit  fixed  by  law. 

3.  Copper  in  Paris  green  determined  as  copper  oxide. — ^The 
amount  of  copper  expressed  as  the  equivalent  of  copper  oxide, 
varies  in  the  40  samples  of  Paris  green  examined  from  26.53 
to  31.14  per  ct.  and  averages  29.88  per  ct*,  which  is  about  the 
same  as  last  year. 

4.  Amount  of  arsenious  oxide  in  comhvnation  toith  copper. — ^The 
law  relating  to  Paris  green  in  this  State  was  amended  in  1901, 
so  as  to  correct  certain  defects  existing  in  the  original  law  with 
reference  to  the  definition  of  Paris  green.  The  original  law 
required  that  Paris  green  should  contain  the  equivalent  of  50 
per  ct.  of  arsenious  oxide.  This  provision  was  needlessly  low 
and  was  also  open  to  the  very  serious  objection  that  it  permit- 
ted indefinite  adulteration  by  common  white  arsenic.  This 
defect  has  been  corrected  by  requiring  that  Paris  green  shall 
contain  arsenic  in  comhvnation  toith  copper,  equivalent  to  not  less 
than  50  per  ct.  of  arsenious  oxide.  In  ascertainig  the  amount 
of  copper  in  combination  with  arsenic,  it  has  been  assumed 
that  all  the  copper  present  was  so  combined,  except  when  found 
in  excess.  While  this  assumption  is  not  strictly  accurate,  it 
answers  the  purpose,  especially  when  the  precaution  is  taken 
to  examine  the  Paris  green  for  water-soluble  forms  of  copper- 
compounds. 

In  the  40  samples  of  Paris  green  examined  the  amount  of 
arsenious  oxide  in  combination  with  copper  varied  from  49.70 
to  57.72  per  ct.  and  averaged  65.08  per  ct.,  which  is  about  6 
per  ct.  higher  than  the  minimum  required  by  law.  Only  one 
sample  fell  below  the  limit  and  this  was  only  slightly  below. 
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5.  Oeneral  concluaion  as  to  purity  of  PaHs  green  in  market, — 
Our  results  indicate  a  satisfactory  condition  as  to  the  arsenic 
content  of  Paris  green  found  in  the  market  during  1901,  and 
the  same  can  be  said  as  to  the  amount  of  water-soluble  com- 
pounds present  in  the  samples  examined. 

AMENDMENT  TO  PARIS  GREEN  LAW. 

In  accordance  with  the  suggestions  made  by  us  last  year,  that 
portion  of  the  Paris  Green  Law  which  related  to  the  definition 
of  Paris  green  was  changed.  The  essential  portion  of  the 
amended  law  embodying  this  change  is  as  follows: 

"  §  112.  Composition  of  Paris  green  or  analogous  products. — 
Paris  green,  or  any  product  analogous  to  it,  when  sold,  offered 
or  exposed  for  sale  as  such,  in  this  state,  shall  comply  with  the 
following  requirements: 

'^  First.  It  shall  contain  arsenic,  in  combination  with  copper, 
equivalent  to  not  less  than  fifty  percentum  arsenious  oxide. 

^'  Becond.  It  shall  not  contain  arsenic  in  water-soluble  forms 
equivalent  to  more  than  three  and  one-half  per  centum  of  arse- 
nious oxide/* 

LIST  OF  PARTIES  WHO  RECEIVED  PARIS  GREEN  CERTIFICATES 

IN  1901. 

Acme  Color  Works,  5  Hanover  street,  New  York. 

Adler  Color  and  Chemical  Works,  100  William  street.  New  York. 

A.  B.  Ansbacher  &  Co.,  4  Murray  street.  New  York. 

Louis  Berger  &  Sons  of  America,  Llm.,  100  William  street,  New  York. 

Jas.  A.  Blanchard,  66  Maiden  lane,  New  York. 

Chas.  M.  Childs  &  Co.,  225  Pearl  street,  New  York. 

0.  W.  Clark  &  Son,  59  Seneca  street,  Buffalo,  N.  Y. 

F.  W.  Devoe  and  C.  T.  Reynolds  Co.,  101  Fulton  street,  New  York. 

Hampden  Paint  and  Chemical  Co.,  Springfield,  Mass. 

J.  M.  Huber,  275  Water  street.  New  York. 

Fred  L.  Lav«nburg,  165  William  street,  New  York. 

Leggett  &  Bros.,  801  Pearl  street.  New  York. 

John  Lucas  &  Co.,  80  Maiden  lane,  New  York. 

Morris,  Hermann  &  Co.,  255  Pearl  street,  New  York. 

1.  Pfelffer,  174  Fulton  street,  New  York. 
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PERIODICALS  RECEIVED  BY  THE  STATION. 

Acker  und  Gartenbau  Zeitung •  •  Complimentary. 

Agricultural  Epitomist •  •  •  •  " 

Agricultural  Gazette  of  New  South  Wales ** 

Agricultural  Journal  of  the  Cape  of  Good  Hope  " 

Agricultural  Students'  Gazette ** 

Albany  Journal Subscription. 

Allegan  Gazette Complimentary. 

American  Agriculturist * Subscription. 

American  Chemical  Journal " 

American  Chemical  Society,  Journal " 

American  Cultivator Complimentary. 

American  Entomological  Society,  Transactions.  Subscription. 

American  Fancier " 

American  Fertilizer ** 

American  Florist ** 

American  Gardening ^ 

American  Grange  Bulletin Complimentary. 

American  Grocer u " 

American  Journal  of  Physiology Subscription. 

American  Monthly  Microscopical  Journal " 

American  Naturalist " 

American  Philosophical  Society,  Proceedings. .  Complimentary. 

American  Stock  Keeper <* 

Analyst Subscription. 

Annales  Agronomiques Subscription. 

Annales  de  I'lnstitut  Pasteur " 

Annals  and  Magazine  of  Natural  History ^^ 
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Annals  of  Botany Subscription. 

Archiv  der  gesammte  Physiologie  (Pflueger) ...  " 

Archiv  fuer  Hygiene " 

Association  Beige  des  Chimistes,  Bulletin Complimentary. 

Baltimore  Weekly  Sun " 

Beet  Sugar  Gazette ** 

Berichte    der    deutschen    botanischen    Gesell- 

schaf  t Subscription. 

Berichte    der    deutschen    chemischen    Gesell- 

schaft " 

Boletin  do  Instituto  Agronomico  do  Estada  de 

Sao  Paulo Complimentary. 

Boletin  de  Agricultura  Tropical " 

Boston  Society  of  Natural  History,  Proceedings.  Subscription. 

Botanical  Department,  Jamaica,  Bulletin Complimentary. 

Botanical  Gazette Subscription. 

Botanifiche  Zeitung " 

Botanisches  Centralblatt *' 

Botaniste,  Le •* 

Breeders'  Gazette " 

Buffalo  Society  of  Natural  Sciences,  Bulletin..  Complimentary. 

Canadian  Entomologist Subscription. 

Canadian  Horticulturist Complimentary. 

Centralblatt  fuer  Agrikultur-Chemie Subscription. 

Centralblatt  fuer  Bakteriologie  und  Parasiten- 

kunde ^ 

Chemical  News ** 

Chemical  Society,  Journal " 

Chemiker  Zeitung " 

Chemisches  Centralblatt ** 

Chicago  Daily  Drovers'  Journal. Complimentary. 

Chicago  Dairy  Produce " 

Cincinnati  Society  of  Natural  History,  Journal.  " 

Columbus  Horticultural  Society,  Journal Complimentary. 

Commercial  Poultry " 
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Country  Gentlemen Subscription. 

Country  World Complimentary. 

Dairy  and  Creamery. . .  ^ " 

Detroit  Free  Press " 

Edwards'  Prnit-Qrower  and  Farmer ** 

Elgin  Dairy  Report " 

Elisha  Mitchell  Scientific  Society,  Journal " 

English  Catalogue  of  Books " 

Entomological  News Subscription. 

Entomological  Society  of  Washington,  Proceed- 
ings    " 

Entomologische  Zeitschrif t ** 

Entomologist " 

Entomologists'  Eecord ^^ 

Fanciers'  Review Complimentary. 

Farm  and  Fireside " 

Farm  and  Home ** 

Farm  Journal " 

Farm  News. " 

Farm  Poultry  Semi-Monthly ** 

Farm,  Stock  and  Home " 

Farmers'  Advocate " 

Farmers'  Call " 

Farmers'  Guide " 

Farmers'  Tribune " 

Farmers'  Voice " 

Feather Subscription. 

Feathered  World "  , 

Florists'  Exchange " 

Flour  and  Feed Complimentary. 

Fuehling's  Landwirtschaftliche  Zeitung Subscription. 

Garden '. " 

Gardeners'  Chronicle " 

Gardening '^ 

Geneva  Gazette Complimentary. 
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Gleanings  in  Bee  Culture Complimentary. 

Golden  Egg " 

Green's  Fruit  Grower '* 

Hedwigia Subscription. 

Herd  Register Complimentary. 

Hoard's  Dairyman " 

Holstein-Friesian  Register " 

Homestead " 

Horticultural  Visitor " 

Indiana  Farmer " 

Industrie  Laitiere  " 

Insect  World " 

Irrigation  Age " 

Ithaca  Democrat " 

Jahresbericht  der  Agrikultur-Chemie Subscription. 

Jahresbericht  der  Nahrungs  und  Genussmittel .  " 

Jersey  Bulletin Complimentary. 

Journal  d^Agrieulture  Pratique Subscription. 

Journal  of  Applied  Microscopy " 

Journal  de  Botanique " 

Journal  of  the  Department  of  Agriculture  of 

Western  Australia Complimentary. 

Journal  of  Experimental  Medicine Subscription. 

Journal  fuer  Landwirtschaft " 

Journal  of  Physiology " 

Just's  Botanischer  Jahresbericht " 

Landwirtschaf tlicher  Jahrbuch " 

Landwirtschaf  tlichen  Versuchs-Stationen " 

Louisiana  Planter Complimentary. 

Meehan's  Monthly Subscription. 

Milch  Zeitung *< 

Mirror  and  Farmer Complimentary. 

Monthly  Weather  Review " 

National  Nurseryman " 

National  Farmer  and  Stock  Grower " 
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National  Stockman  and  Farmer Complimentary^ 

Naturae  Noyitates " 

Naturaliste Subscription, 

Naturaliste  Canadienne ** 

Nature , « 

Nebraska  Farmer Complimentary* 

New  England  Farmer ** 

New  York  Academy  of  Science,  Annals  and 

Transactions Subscription. 

New  York  Botanical  Garden,  Bulletin Complimentary* 

New  York  Entomological  Society,  Journal Subscription. 

New  York  Parmer Complimentary,' 

New  Y^ork  State  Granger " 

New  York  Tribune  Farmer " 

North  American  Horticulturist " 

Northwest  Horticulturist ** 

Northwest  Pacific  Parmer " 

Oesterreichische  Chemiker  Zeitung Subscription. 

Ohio  Farmer Complimentary* 

Ohio  Poultry  Journal Subscription. 

Operative  Miller Complimentary* 

Pacific  Coast  Dairyman " 

Pacific  Coast  Fanciers'  Monthly Subscription. 

Pacific  Rural  Press • . .  •  '' 

Pomona  Herald Complimentary* 

Popular  Agriculturist '^ 

Poultry  Herald • Subscription. 

Poultry  Keeper Complimentary* 

Poultry  Industry " 

Poultry  Monthly " 

Poultry  Star ; « 

Practical  Farmer '* 

Practical  Fruit-Grower " 

Progres  Agricole  et  Viticolo Subscription. 

Psyche ^ 
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Public  Ledger,  Philadelphia Complimentary. 

Qaeensland  Agricultural  Journal " 

Revue  Generale  de  Botanique Subscription. 

Revue  Horticole ^ 

Revue  Mycologique " 

Royal  Agricultural  Society,  Journal ** 

Rural  New  Yorker " 

Salt  Lake  Herald Ck)mplimentary. 

St.  Louis  Academy  of  Science,  Transactions . .  " 

Sanitary  Inspector " 

Science Subscription. 

Society  of  Chemical  Industry  Journal " 

Societe  Entomologique  de  France,  Bulletin. . . .  Complimentary. 

Societe  Mycologique  de  France,  Bulletin Subscription. 

Southern  Planter Complimentary. 

Southern  Farm  Magazine " 

SouthweiBtern  Farmer  and  American  Horticul- 
turist   • " 

Station,  Farm  and  Dairy " 

Stazione  Sperimentale  Agrarie  Italiane *' 

Strawberry  Specialist " 

Suffolk  Bulletin « 

Sugar  Beet ** 

Texaa  Stockman  and  Farmer ** 

Torrey  Botanical  Club,  Bulletins  and  Memoirs.  Subscription. 

XJp-to-Date  Farming  and  Gardening Complimentary. 

Utica  Semi-Weekly  Press •       " 

Wallace's  Farmer « 

Watkins  Review " 

West  Virginia  Farm  Review " 

Western  Fruit-Grower ** 

Western  Plowman '* 

Wiener  Illustrierte  Garten-Zeitung Subscription. 

Woman's  Home  Companion Complimentary. 

Zeitschrif t  f  uer  Analytische  Ohemie Subscription. 
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Zeitscbrif t  f uer  Biologie Subscription. 

Zeitscbrift  fuer  Entomologie Complimentary. 

Zeitscbrif t  fuer  Fleiscb  und  Milcb  Hygiene..'. . .  Subscription. 

Zeitscbrift  fuer  Pflanzenkrankbeiten " 

Zeitscbrift  fuer  Pbysiologiscbe  Cbemie ** 

Zeitscbrift  fuer  Untersucbung  der  Nabrungs 

und  Genuss-Mittel .    " 

Zoologiscber  Anzeiger ^ 

Zoological  Record  ^ 
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January  

Fipbruary 

Hours. 
39 
15 
40 
143 
63 
57 
56 
54 
B4 
16 
47 
81 

Hours. 

2? 

84 
157 
107 
168 

8U 

73 
124 

71 

94 

43 

64 

Hours. 
188 
58 

135 

40 

89 
147 
178 
14  » 
197 
326 
184 
994 

Hours. 
871 
467 
8%) 
803 
880 
288 
281 
1S9 
177 
264 
414 
273 

Hours. 
575 
571 

MarJ^,. :::::::::::::::::::::::::::::;:;: 

661 

April 

May 

593 

5tfl) 

June..... 

July 

5«7 
587 

August 

September 

477 

499 

October 

600 

NoTember 

December •••... 

635 
B91 

Total  hours  of  movement 

615 

1.041 

1,7W 

a4.« 

3.580 

6,942 

Percent,  of  time  in  each  direction 

8.9 

U.O 

51.6 
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Summary  of  Maximum,  Minimum  and  Standard  Aib  Thermom- 

BTBR8   FOR    1901. 


Maztmnin. 

Hlolmum. 

Btawdard. 

7a.m. 

18  m. 

Bumet. 

January  

February  .....  ..■•.....  ...»..•* .•... 

85.9 
40.8 
56.0 
87.0 
8D.5 
88.8 
80.9 
75.0 
62.1 
41.0 
81.9 

Average. 
18.5 
11. 1 
88.7 
87.1 
46.8 
57.4 
65.1 
61.1 
68.0 
40.7 
87.7 

au.8 

14.9 
28.0 
48.0 
68.6 
84.7 
Ti6 
87.0 
58.4 
45.5 
81.7 
85.8 

88.8 
84.5 
60.9 
61.8 
74.4 
81.8 
76.8 
69.8 
57.8 
86.5 
80.6 

211  0 

March 

84  9 

April 

60  8 

May.j;;:!!!!;!!;:!!!!!!!:::!!!!!!!!!!! ;:;; 

60  4 

June , 

74  8 

July 

81.8 

August 

74  6 

September , 

66  7 

Ootober 

54  6 

Novem  ber 

84.6 

87  7 

27 
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chemical  analysis,  methods 171 
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ripening  process  in 186 
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Cook,  Amasa  D.,  resignation 10 

C<oru  meal,  composition 32 
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fumigation   317 
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character  251 

effect  on  San  Jos6  scale 256 
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Filler  for  fumigator  carer 312 

Flaxseed,  comi>osltk>n 32 
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protein,  relation  to  milk  fat 48 

source  of  nrilk  fat 14,  29.    41 

Foods,  normal  and  extracted,  composition  of  milk  from 41 

Formalin,  effect  on  the  action  of  enzyms 174,  180 
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Fuller,  F.  D.,  Joint  author 29 

Fumigation  apparatus 307 

cost 317 

«xperlments,  notes 20 

with  hydrocyanic  acid  gas 264 

orchard  292 

tents,  estimating  contents 314 

Fumigator,  box,  modification 290 

cover 311 

filler 312 

hexagonal  folding  22 

cost  313 

description   009 

Station,  modification  of 21,  290 

Fumigators,  box 308 

comparison 316 

Fungus  in  refrigerators 18,  159 

shot-hole,  on  cherry 17,  146 

tile  drain  clogged  by 18>  154 

O. 

Ginseng  culture 366 

Glassware,  Babcock,  inspection 14 
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